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EXHIBIT 1 



APPENDIX 
CLAIMS-S.N. 08/356,372 

1 . A vaccine composition comprising: 

(a) an antigen; and antigenic composition and combinations thereof; 

(b) QS21 and 

(c) 3-De-O-acylated monophosphoryl lipid A (3D-MPL). 

2. A vaccine as claimed in claim 1 wherein the ratio of QS21:3D-MPL is from 110 

to 10:1. 

3. A vaccine composition as claimed in claim 1 capable of invoking a cytolytic T 
cell response in a mammal to the antigen or antigenic composition. 

4. A vaccine composition as claimed in claim 1 capable of stimulating interferon y 
production. 

5. A vaccine composition as claimed in claim 2 wherein the ratio of QS21 :3D-MPL 
is form 1:1 to 1:2.5. 

6. 1 A vaccine composition as claimed in claim 1 comprising an antigen or antigenic 
composition derived from the group consisting of Human Immunodeficiency Virus, Feline 
Immunodeficiency Virus, Herpes Simplex Virus type 1, Herpes simplex virus type 2, Human 
cytomegalovirus, Hepatitis A, B, C or E, Respiratory Syncytial virus, human papilloma virus, 
Influenza virus, Salmonella, Neisseria, Borrelia, Chlamydia, Bordetella, Plasmodium and 
Toxoplasma. 

7. A vaccine as claimed in claim 1 wherein the antigen is a tumor antigen. 

1 0. A method of treating a mammal suffering from or susceptible to a pathogenic 
infection comprising the administration of a safe and effective amount of a composition 
according to claim 1 . 

11. A method of treating a mammal suffering from cancer comprising the 
administration of a safe and effective amount of a composition according to claim 1. 



By an amendment filed with the brief, Appellants have canceled claim 6. 



12. A process for making a vaccine composition according to claim 1 comprising 
admixing QS21 and 3D-MPL with an antigen, antigenic composition or combination thereof. 

13. A vaccine composition as claimed in claim 1 comprising an antigen or antigenic 
composition derived from the group consisting of Herpes Simplex Virus type 1, Herpes Simplex 
virus type 2, Human cytomegalovirus, Hepatitis A, B, C or #, Respiratory Syncytial virus, human 
papilloma virus, Influenza virus, Salmonella, Neisseria, Borrelia, Chlamydia, Bordetella, 
Plasmodium and Toxoplasma. 

14. A pharmaceutical composition useful for adjuvanting an immune response 
comprising an adjuvanting effective combination of QS21 and 3-De-O-acylated monophosDhorvl 
lipid A (3D-MPL). 

15. The composition as claimed in claim 14 capable of invoking a cytolytic T cell 
response in a mammal to an antigen or antigenic composition. 

16. The composition as claimed in claim 14 capable of stimulating interferon y 
production. 

1 7. The method for stimulating a cytotoxic T cell response in an animal comprising 
introducing into said animal a cytotoxic T cell response stimulating amount of the composition 
of claim 1. 



18. A method for stimulating y-interferon response in an animal comprising 
introducing into said animal a y-interferon response stimulating amount of the composition of 
claim 1. 
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APPENDIX 



CLAIMS-S.N. 08/442,288 

1 . A vaccine composition comprising: 

(a) an antigen; and antigenic compositions and combinations thereof; 

(b) QS21and 

(c) 3-De-O-acylated monophosphoryl lipid A (3D-MPL). 

2. A vaccine as claimed in claim 1 wherein the ratio of QS21:3D-MPL is from MO 

to 10:1. 

3. A vaccine composition as claimed in claim 1 capable of invoking a cytolytic T 
cell response in a mammal to the antigen or antigenic composition. 

4. A vaccine composition as claimed in claim 1 capable of stimulating interferon y 
production. 

5. A vaccine composition as claimed in claim 2 wherein the ratio of QS21 :3D-MPL 
is from 1:1 to 1:2.5. 

6. 1 A vaccine composition as claimed in claim 1 comprising an antigen or antigenic 
composition derived from the group consisting of Human Immunodeficiency Virus, Feline 
Immunodeficiency Virus, Herpes Simplex Virus type 1, Herpes Simplex virus type 2, Human 
cytomegalovirus, Hepatitis A, B, C or E, Respiratory Syncytial virus, human papilloma virus, 
Influenza virus, Salmonella, Neisseria, Borrelia, Chlamydia, Bordetella, Plasmodium and 
Toxoplasma, 

7. A vaccine as claimed in claim 1 wherein the antigen is a tumor antigen. 

1 0. A method of treating a mammal suffering from or susceptible to a pathogenic 
infection comprising the administration of a safe and effective amount of a composition 
according to claim 1 . 

11. A method of treating a mammal suffering from cancer comprising the 
administration of a safe and effective amount of a composition according to claim 1. 



By an amendment filed with this brief, Appellants have canceled claim 6. 



12. A process for making a vaccine composition according to claim 1 comprising 
admixing QS21 and 3D-MPL with an antigen, antigenic composition or combination thereof. 

13. A vaccine composition as claimed in claim 1 comprising an antigen or antigenic 
composition derived from the group consisting of Herpes Simplex Virus type 1, Herpes Simplex 
virus type 2, Human cytomegalovirus, Hepatitis A, B, C, or E, Respiratory Syncytial virus, 
human papilloma virus, Influenca virus, Salmonella, neisseria, Borrelia, Chlamydia, Bordetella, 
Plasmodium and Toxoplasma. 

14. A pharmaceutical composition useful for adjuvanting an immune response 
comprising an adjuvanting effective combination of QS21 and 3-De-O-acylated monophosphorvl 
lipid A (3D-MPL). 

15. The composition as claimed in claim 14 capable of invoking a cytolytic T cell 
response in a mammal to an antigen or antigenic composition. 

16. The composition as claimed in claim 14 capable of stimulating interferon y 
production. 

17. A method for stimulating a cytotoxic T cell response in an animal comprising 
introducing into said animal a cytotoxic T cell response stimulating amount of the composition 
of claim 1. 

18. A method for stimulating a y-interferon response in an animal comprising 
introducing into said animal a y-interferon response stimulating amount of the composition of 
claim 1. 



EXHIBIT 3 



PATENT 
Box AF 

Atty. Docket 04012.0188 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 



In re Applications of: 
PRIEELS, J.P. et al. 



Serial No. 08/442,288 

Filed: May 16, 1995 

For: VACCINE COMPOSITIONS 



Group Art Unit: 1813 
Examiner: L.F. Smith 



CONTAINING ADJUVANTS 



AMENDMENT AFTER FINAL 



Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



IN THE CLAIMS: 



Please cancel claim 6. 



REMARKS 



Appellants are canceling claim 6 to remove an issue for appeal. Appellants filed a notice 
of appeal on November 20, 1996 and are filing an appeal brief with this Amendment. In the final 
Office Action of May 20, 1996, the Examiner had rejected claim 6 under 35 U.S.C. § 1 12, If 1. 
No other pending claims are rejected under § 1 12. By canceling claim 6, Appellants are 
removing the § 1 12 issue from this appeal. Entry of this amendment in accordance with MPEP 
§ 1207 is requested. 

If there is any fee due for this amendment, including any extension of time, please charge 
any such fee to Deposit Account No. 06-916. 



• Finnecan, Henderson, 
Farabow, Garrett 
s dunner,l.l.p. 



Date: May 19, 1997 




1300 I STREET, N. W. 
WASHINGTON, D.C. 20005 
202-408-4000 



Richard B. Racine (Reg. No. 30,415) 
Finnegan, Henderson, Farabow, 



Garrett & Dunner, LLP 



13001 Street, N.W. 
Washington, D.C. 20007 
(202) 408-4000 



EXHIBIT 4 



WORLD INTELLECTUAL f'P.QPE R rY ORG A SI/,. ,QS' 
Iniccnjttun^I Hur^jy 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCD 



(51) International Patent Classification ? : 

A6 1 K 39/39, 39/00 // A6i K 39/245 
A6IK 39/295 



a i 



(I 1) International Publication Number: W'Q 9-J/00 I 

H3) International Publication Date: 6 Januarv I99J(06 0I 



(21) International Application Number: PCT-' I; 1*9) **() I 52 J 

(22) International Filing Date: (5 June I W 3 ( I 5.06,93) 



(30) Priority data: 
9213559.9 
92262K3.I 
930-1056.6 



25 June 1992 (25.06.92) GB 
17 December 1992 (17.12.92) GB 
I March 1993 (01.03.93) Gil 



(71) Applicant (for ail Jesi^natet! States except US): SMITH 

KLINE BEECHAM BIOLOGICALS (S.A.) |BE/BE| 
89, rue dc I'lnstitut, B-1330 Rtxcnsart (BE). 

(72) Inventors ; and 

(75) Inventors/Applicants (for US onh) ; PRIEELS. Jean-Paul 
(HE/BEI; GARCON-JOHNSON, Nathalie, Maric-Jo- 
sephe, Claude (FR/DE); SLAOUi, Monccf |MC/BE|: 
Pa LA, Pictro (IT/BEI; SmiihKline Beccham Biological* 
(S.A.), 89. rue dc I'lnstitut, D- 1 330 Rixcnsan (BE). 



(74) Agent: DALTON. Marcus. Jonathan. W'ill,j (n . Smt 
Kline llcccham. Corporate Patents, Great Hurgh. Y 
Tree Bottom Road. Epvom. Surrey KTIK 5\Q (Gil) 



(HI ) Designated States: AT, ALL Bit. BG, BR. CA. CM. C 
DC. DK. ES. Fl. Gli. HU. J P. KP. KR. KZ. LK. L 
MG. MN. MW.NL NO. NZ. PL. PT. RO. RL\ SI). S 
SK, UA. US. VN, European patent (AT. BE. CH. D 
DK, ES. FR. GB. CR. IE. IT, LU. MC. NL. PT, SI 
OAPI patent (BF. IIJ. CF. CG. CI. CM. GA. GN, M 
MR. NC. SN. TO. TG). 



Published 

With international search report. 



(54) Title: VACCINE COMPOSITION CONTAINING ADJUVANTS 



(57) Abstract 



The present invention provides vaccine compositions comprising 3 Dc-O-acylated monophosphorvl lipid A and QS2 I . The 
vaccines compositions arc potent inducers of CTL and y I FN responses. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify Scales party to the PCT on the front pares of pamphlcu publishing intcrnationAl 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


8B 


Barbed 01 


ae 


Bclf ium 


BP 


Owrltna Fam» 


BC 




BJ 


Benin 


BR 


Brtuit 


BV 


Bcljfut 


CA 


Gin«d« 


CP 


Central A/ric<n Republic 


cc 


Con to 


CM 




CI 


Cote d'l*otfc 


CM 


Cameroon 


CN 


China 


CS 


OxehotiovatU 


CI 


Czech Rcpwblk 


OC 


C« f m a n y 


OK 


Denmark 


ZS 


Spain 


PI 


Finland 



PR 


France 


CA 


C*bon 


C8 


Untu: J Kinfdom 


CN 


Guinea 


CR 


Greece 


HU 




IC 


Ireland 


IT 


lut r 


jr 


Japan 


Kr 


Democratic Peopled Republic 




0/ Korea 


KR 


Republic 0/ Korea 


KZ 


KauLaktuian 


LI 


Liccblcnticln 


LK 


S/t uu 


LU 


Lu tambour { 


LV 


Laeia 


MC 


Mun«co 


MC 


Madagascar 


ML 


Mali 


MN 


MoAfOll* 



MR 


Mauritania 


MW 


Mala.i 


NE 


Ni f ef 


NL 




NO 


Norway 


NI 


Ne« IcalmJ 


PU 


Poland 


rr 


POHwgal 


RO 


Komjnti 


RU 


Huuun fxuJvt tfitott 


so 


Swdan 


se 


S<~cd<n 


SI 


Slo*cnia 


SK 


Slovak Republic 


SN 


Sen«(a| 


TO 


Ch*d 


TC 


Tojo 


UA 


UWainc 


US 


Umtud Siatel of Amyr»cj 


uz 


LUbe-kiiUn 


VN 


VU)( Nam 



WO 94/00153 



PCT/EP93/01524 



- 1 - 

VACCINE COMPOSITION CONTAINING ADJUVANTS 

The present invention relates to novel vaccine formulations, to methods of 
their production and to their use in medicine. Ln particular, the present 
5 invention relates to vaccines containing QS21, an Hplc purified non-toxic 
fraction derived from the bark of Quillaja Saponaria Molina, and 3 De-O- 
acylated monophosphoryl lipid A (3 D-MPL). 

3 De-O-acylated monophosphoryl lipid A is known from GB2220 211 
10 (Ribi). Chemically it is a mixture of 3-deacylated monophosphoryl lipid A 
with 4, 5 or 6 acylated chains and is manufactured by Ribi Iramunochem 
Montana. 

QS21 is a Hplc purified non toxic fraction of a saponin from the bark of 
15 the South American tree Quillaja saponaria molina and its method of its 
production is disclosed (as QA21) in US patent No. 5,057,540. 

The present invention is based on the surprising discovery that 
formulations containing combinations of QS21 and 3 D-MPL 
20 synergistically enhance immune responses to a given antigen. 

For example a vaccine formulation of the malarial antigen, RTS, S in 
combination with 3D-MPL and QS21 results in a powerful synergistic 
induction of CS protein specific cytotoxic T lymphocyte (CTL) response in 
25 the spleen. 

RTS is a hybrid protein comprising substantially all the C-terminal 
- portion of the circumsporozoite (CS) protein of P. falciparum linked via 
four amino acids of the preS2 portion of Hepatitis B surface antigen to the 

30 surface (S) antigen of hepatitis B virus. It's full structure is disclosed in 
co-pending International Patent Application No. PCT/EP92/02591, 
published under Number WO 93/10152 claiming priority from UK patent 
application No. 9124390. 7. When expressed in yeast RTS is produced as a 
lipoprotein particle, and when it is co-expressed with the S antigen from 

35 HBV it produces a mixed particle known as RTS,S. 
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The observadon that is possible to induce strong cytolytic T lvmphocvte 
responses ,s significant as these responses, in certain animal modcls'hnv, 
been shown to induce protection against disease. 

The present inventors have shown that the combination of the two 
adjuvants QS21 and 3D-MPL with the recombinant particulate antigen 
RTS.S results m a powerful induction of CS protein specific CTL in the 
spleen. QS21 also enhances induction of CTL on its own. while 3D-MPL 
does not. The combination can be said to act in a synergistic way. because 
it has an effect that is larger than the sum of the separate effects of each 
adjuvant. The synergy between these two adjuvants for CTL induction is 
a surprising observation which has important implications for the use of 
recombinant molecules as vaccines for induction of CTL mediated 
imm unity. 



Inductoon of CTL is easily seen when the target antigen is synthesised 
intracellular^ (e.g. in infections by viruses, intracellular bacteria, or in 
tumours), because peptides generated by proteolytic breakdown of the 
antigen can enter the appropriate processing pathway, leading to 
20 presentation in association with class I molecules on the cell membrane 
However, in general, pre-formed soluble antigen does not reach this 
processing and presentation pathway, and does not elicit class I restricted 
CTL. Therefore conventional non-living vaccines, while eliciting antibodv 
and T helper responses, do not generally induce CTL mediated immunity. 
The combination of the two adjuvants QS21 and 3D-MPL can overcome 
this serious limitation of vaccines based or recombinant proteins, and 
induce a wider spectrum of immune responses. 



CTL specific for CS protein have been shown to protect from malaria in 
30 mouse model systems (Romero etal. Nature 341:323 (1989)). Inhuman 
trials where volunteers were immunised using irradiated sporozoites of P. 
falciparum, and shown to be protected against subsequent malaria 
challenge, induction of CTL specific for CS epitopes was demonstrated 
(Malik et al. Proc. Natl. Acad. Sci. USA 88:3300 (1991)). 



The ability to induce CTL specific for an antigen administered as a 
recombinant molecules is relevant to malaria vaccine development, since 
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Lhe use of irradiated sporozoites would be impractical, on the grounds of 
production and Lhe nature of the immune response. 

In addition to maJana vaccines. Lhe ability to induce CTL responses wouJd 
benefit vaccines against herpes simplex vims, cytomegalovirus, human 
Immunodeficiency virus, and generally all cases where the pathogen has 
an intracellular life stage. 

Likewise, CTL specific for known tumour antigens could be induced by a 
combination of a recombinant tumour antigen and the two adjuvants. 
This would allow Lhe development of anti cancer vaccines. 



In certain systems, Lhe combination of 3D-MPL and QS21 have been able 
to synergistically enhance interferon y production. The present inventors 
15 have demonstrated the synergistic potential of 3D-MPL and QS21 by 
utilising a herpes simplex antigen known as gD2t. gD2t is a soluble 
truncated glycoprotein D from HSV-2 and is produced in CHO cells 
according to the methodology Berman £i_al- Science 222 524-527. 

20 EFN-Y secretion is associated with protective responses against 

intracellular pathogens, including parasites, bacteria and viruses. 
Activation of macrophages by IFN-7 enhances intracellular killing of 
microbes and increases expression of Fc receptors. Direct cytotoxicity may 
also occur, especially in synergism with lymphotoxin (another product of 

25 TH1 cells). IFN-7 is also both an inducer and a product of NK cells, which 
are major innate effectors of protection. THl type responses, either 
through IFN-7 or other mechanisms, provide preferential help for IgG2a 
immunoglobulin isotypes. 

30 Glycoprotein D is located on the viral envelope, and is also found in the 
cytoplasm of infected cells (Eisenberg R.J. £LaL J. of Virol. 1980 25 428- 
435). It comprises 393 amino acids including a signal peptide and has a 
molecular weight of approximately 60kD. Of all the HSV envelope 
glycoproteins this is probably the best characterized (Cohen £Lal. J. 

35 Virology &} 157-166). In vivo it is known to play a central role in viral 

attachment to cell membranes. Moreover, glycoprotein D has been shown 
to be able to elict neutralizing antibodies in vivo (Eing £ljai J. Med 
Virology 127: 59-65). However, latent HSV2 virus can still be reactivated 
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and induce recurrence of the disease despite the presence of high 
neutralizing antibodies litre in the patients sera. It is therefore apparent 
that the ability to induce neutralizing antibody alone is insufficient to 
adequately control the disease. 

In order to prevent recurrence of the disease, any vaccine will need to 
stimulate not only neutralizing antibody, but also cellular immunity 
mediated through T-cells, particularly cytotoxic T-cells. 



In this instance the gD 2 t is HSV2 glycoprotein D of 308 amino acids 
which comprises amino acids 1 though 306 of the naturally occurring 
glycoprotein with the addition of Asparagine and Glutamine at the C 
terminal end of the truncated protein. This form of the protein includes 
the signal peptide which is cleaved to yield a mature 283 amino acid 
15 protein. The production of such a protein in Chinese Hamster ovary cells 
has been described in Genentechs European patent EP-B-139 417. 

The mature truncated glycoprotein D (rgD2t) or equivalent proteins 
secreted from mammalian cells, is preferably used in the vaccine 
20 formulations of the present invention. 

The formulations of the present invention are very effective in inducing 
protective immunity in a genital herpes model in guinea pigs. Even with 
very low doses of antigen (e.g. as low as 5 ug rgD2t) the formulations 
25 protect guinea pigs against primary infection and also stimulate specific 
neutralising antibody responses. The inventors, utilising formulation of 
the present invention, have also demonstrated Effector cell mediated 
responses of the THl type in mice. 



Accordingly, the present invention provides a vaccine or pharmaceutical 
formulation comprising an antigen in conjunction with 3 Deacylated 
monophosphoryl lipid A and QS21. Such a formulation is suitable for a 
broad range of monovalent or polyvalent vaccines. 

Preferably the vaccine formulations will contain an antigen or antigenic 
composition capable of eliciting an immune response against a human or 
animal pathogen, which antigen or antigenic composition is derived from 
HIV-1, (such as gpl20 or gpl60). any of Feline Immunodeficiency virus. 
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human or animal herpes viruses, such as gD or derivatives thereof or 
Immediate Early protein such as ICP27 from HSVl or HSV2, 
cytomegalovirus ((esp HumanXsuch as gB or derivatives thereof). 

Varicella Zoster Virus (such as gpl. II or III), or from a hepatitis virus 
5 such as hepatitis B virus for example Hepatitis B Surface antigen or a 

derivative thereof, hepatitis A virus, hepatitis C virus and hepatitis E 

virus, or from other viral pathogens, such as Respiratory Syncytial virus. 

human papilloma virus or Influenza virus, or derived from bacterial 

pathogens such as Salmonella, Neisseria. Borrelia (for example OspA or 
10 OspB or derivatives thereoO. or Chlamydia, or Bordetella for example 

P.69. PT and FHA. or derived from parasites such as Plasmodium or 

Toxoplasma. 

The formulations may also contain an anti-tumour antigen and be useful 
15 for immunotherapeutically treating cancers. 

The formulation may also be useful for utilising with herpetic light 
particles such as described in International Patent Application No. 
PCT/GB92/00824 and. International Patent Application No. 
20 PCT/GB92/00179. 

Derivatives of Hepatitis B Surface antigen are well known in the art and 
include, inter alia, those PreS lt PreS 2 S antigens set forth described in 
European Patent applications EP-A-414 374; EP-A-0304 578, and EP 196- 
25 474. 

In a further aspect of the present invention there is provided a vaccine as 
■ herein described for. use in medicine. 

30 The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10 to 10 : 1; 
preferably 1 : 5 to 5 : 1 and often substantially 1 : 1. The preferred range 
for optimal synergy is 2.5:1 to 1:1 3D MPL: QS21. Typically for human 
administration QS21 and 3D MPL will be present in a vaccine in the 
range 1 ug - 100 ug, preferably 10 ug - 50 fig per dose. Often the vaccine 

35 will not require any specific carrier and be formulated in an aqueous or 
other pharmaceutically acceptable buffer. In some cases it may be 
advantageous that the vaccines of the present invention will further 
contain alum or be presented in an oil in water emulsion, or other suitable 
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vehicle, such as for example, liposomes, microspheres or encapsulated 
antigen particles. 

Vaccine preparation is generally described in New Trends and 
Developments in Vaccines, edited by Vollcr ct a].. University Park Press 
Bajbmore. Maryland. U.S.A. 1978. Encapsulation within liposomes is ' 
described, for example, by Fullerton. U.S. Patent 4.235.877. Conjugation 
of proteins to macromolecules is disclosed, for example, by Likhitc. U.S. 
Patent 4.372.945 and by Armor et al.. U.S. Patent 4.474.757. 



The amount of protein in each vaccine dose is selected as an amount 
which induces an immunoprotective response without significant, adverse 
side effects in typical vaccinees. Such amount will vary depending upon 
which specific immunogen is employed and how it is presented. 
Generally, it is expected that each dose will comprise 1-1000 ug of protein 
preferably 2-100 ug. most preferably 4-40 ug. An optimal amount for a 
particular vaccine can be ascertained by standard studies involving 
observation of appropriate immune responses in subjects. Following an 
initial vaccination, subjects may receive one or several booster 
20 immunisation adequately spaced. 

The formulations of the present invention maybe used for both prophylatic 
and therapeutic purposes. 

25 Accordingly in one aspect, the invention provides a method of treatment 
comprising administering an effective amount of a vaccine of the present 
invention to a patient. 



Examples 

1.0 Synergy between 3D MPL and QS21 for induction of 
Interferon y secretion. 

In order to test the ability of3D MPL and QS21 based adjuvant 
formulations of rgD2t. to induce effector cell mediated immune responses, 
groups of Balb/c mice were vaccinated, and their draining lymph node 
cells tested for IFN-y secretion as described below. 
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1.1 rgD2t formulations 

This experiment compared three adjuvant formulations: 

5 i) rgD2t in 3D-MPL 

ii) rgD2tinQS2l 

iii) rgD2t in 3D-MPL/QS21 

These formulations were made up as follows. rgD2t was produced in CHO 
10 cells and corresponds to the mature 1-283 amino acids of HSV-2 gD and is 
produced according to the methodology of Berman (supra) and EP 
0139417. 



15 * r gD2t / 3D-MPL 

5 ug of rgD2t/dose are incubated lh, under agitation.at room temperature, 
then mixed with a 3D-MPL suspension (25 ug/dose). The volume is 
adjusted to 70 ul/dose using a sodium chJoride solution (5M. pH 6.5 ± 0.5) 
20 and water for injection to obtain a final concentration of 0.15M sodium 
chloride. pH is kept at 6.5 ± 0.5. 

* rgD2t/QS21 

25 5 ug rgD2t/dose are incubated lh at room temperature under agitation 
The volume is adjusted using sodium chloride solution (5M. pH 6.5 ± 0.5) 
arid water for injection to 70ul. QS21 (10 ug/dose) is then added. pH is 
kept at 6.5 ± 0.5.and sodium chloride final concentration at 0. 15M. 

* rgD2t/3D-MPL / QS21. 

30 

5 ug rgD2t/dose are incubated lh at room temperature under agitation. 
3D-MPL (25 ug/dose) is added as an aqueous suspension. The final 
volume of 70ul is completed by addition of an aqueous solution of QS21 
(10 ug/dose) and the pH kept at 6.5 ± 0.5 and the sodium chloride 
35 concentration at 0.15M. 
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1.2 OVLMUNISATION 

Mice were injected into the hind footpads with 35 pL/footpad of 
formulation. Thus each mouse received 70 pL. Immunisation were on days 
5 0, and 14. Animals were sacrificed on day 21. 

1.3 INTERFERON y ASSAYS 

Popliteal lymph node cells from immunised mice were stimulated in vitro 
10 using rgD2t at 10, 1, 0.1, 0 pg/ml. Triplicate cultures (200 pi volumes) 

were set up in round bottom 96-well microtiter plates, using 2 x 10* 

responder cells and 2 x 10* irradiated (3000 rad) syngeneic naive spleen 

cells. Culture medium was RPMI 1640 with 10% foetal calf serum. 

Aliquots of 100 pi of culture medium from each replicate were harvested 
15 and pooled for IFN-y determinations. Cultures were assayed at 72 hours. 

For all assays, a control group using ConA (Boehringer Mannheim) at 5 

pg/mL was included. This was always positive. 

Secretion of IFN-y was determined using a commercial ELISA assay 
20 manufactured by Holland Biotechnology (distributed by Gibco). Assays 
were carried out on 100 pi of pooled supernatant from triplicate wells. 

Secretion of IFN-y above the assay background of 50 pg/pl was observed in 
all three formulation groups (see Table). In addition, a synergistic effect 
25 between QS21 and 3D-MPL was observed. While each adjuvant on its own 
induced cells capable of secreting IFN-y in response to rgD2t, their 
combination induced more than twice the sum of individual responses. 
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1.4 Results 

Synergy between QS21 and 3D-MPL for induction of EFN-y 



secretion. 

5 



Immunization: 




QS21/3D-MPL 


QS21 


3D-MPL 






rgD2t 


rgD2t 


rpD2t 


In vitro 


10.0 


1351 


1105 


515 


stimulation 


1.0 


914 


116 


192 


(ug/mL gD2t): 


0.1 


335 


<50 


143 




0.0 


101 


<50 


139 



EFN-y is expressed in pg/mL. 

The table clearly shows that the combined vaccine induces IFN-y- 
10 secretion in a synergistic manner. 

2.0 Synergy Between 3D MPL and QS21 for the induction of 
CTLs 

15 In order to test the ability of RTS.S particles in 3D MPL and QS21 based 
adjuvant formulations to induce CTLs, groups of B10.BR mice were 
immunised and their spleen cells stimulated in vitro and tested in 
cytotoxicity assays on L cells expressing the CS protein. 

20 2.1 Formulation of RTS,S particles. 

RTS.S particles were formulated in three different compositions: 

1. RTS,S particles (UOng) with QS21 (10|ig) and 3D-MPL (25^ig); 
25 2. RTS.S particles (UOng) with QS21 UOng); 
3. RTS.S particles (( 10pg) with 3D-MPL (25ng); 

The formulations were made up as follows: 
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20 



25 



30 



35 
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RTS, S/3 D MPL 

10 ug of RTS, S particles/dose was incubated at room temperature under 
agitation then mixed with a 3D MPL aqueous suspension (25ug/dose). 
The volume is then adjusted to 70 ul/dose using water for injections and a 
sodium chloride solution (5N, pH 6.5 ± 0.5) to reach a final concentration 
of 0.15M sodium chloride (pH is kept at 6.5 ± 0.5). 

RTS.S /QS21 



lOug of RTS, S particles/dose incubated lh. at room temperature under 
agitation. The volume is adjusted using water for injection and a sodium 
chloride solution (5N. pH 6.5 ± 05) and completed to a final volume of 70u 
1/ dose with an aqueous solution of QS21 (lOug/dose). pH is kept at 6.5 ± 
15 0.5 and sodium chloride final concentration at 0.15M. 

RTS.S / 3 D MPL/QS21 



10 ug of RTS, S particles / dose are incubated lh. at room teperature under 
agitation then mixed with a 3D MPL (aqueous suspension (25ug/dose) - 
The volume is then adjusted with water for injection and a sodium 
chloride solution (5D pH 6.5 ± 0.5). The final volume is completed by 
addition of an aqueous solution of QS21 (lOug/dose). pH is kept at 6.5 ± 
0.5. and sodium chloride final concentration at 0.15 M. 

2.2 Immunisation of mice with RTS.S particles 

Four to six week old female mice of the strain B10. BR (H-2 k ) were 
purchased from IFFA CREDO (France). Groups of 3 animals were 
immunised by intra foot-pad injection of 35 u.L of antigen formulation into 
each hind limb. The animals were boosted with a second equal dose of 
antigen injected two weeks later. 

2.3. In vitro stimulation on and CS CTL 

Two weeks after the boost, spleen cells were harvested and stimulated in 
vitro using syngeneic fibroblasts transfected with the P. falciparum 
circumsporozoite protein gene (7C8 clone). These CS-transfectant cells 
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have been described in the paper by Kumar, S. el aJ. (198S). Nature 
334:258-260. 

The cultures were established in RPMI 1640 medium supplemented with 
5 10% of heat inactivated foetal calf serum and usual additives, in 
conditions well known to those of skill in the art. 

Responder cells were cultured at a concentration of 10 6 cells/mL in the 
presence of 10 5 CS-transfectants per mL. To prevent proliferation of CS- 
10 transfectant cells, these were irradiated using a dose of 2 x 10 4 rad. The 
cultures were fed by replacing 1/2 of culture medium on day 3 and 6. and 
tested for cytolytic activity on day 7. 

2.4. Cytotoxicity assay for anti-CS CTL 

15 

Responder cell cultures were harvested, washed, and mixed at ratios 
varying from 100:1 to 0.3:1 with a constant number of 2000 target cells, in 
volumes of 200 uL of medium in V-bottom 96- well plates. 
Target cells were syngeneic fibroblast cells that had been labelled with 
20 SlCr. 

Two different types of target cells were used: 

1. L cells 
25 2. . CS transfected L cells 

These are described in: Kumar, S. et ah (1988). Nature 334:258-260. 



30 



The assay was incubated for 6 hours at 37°C, then the amount of 
radioactivity released into the supernatant by lysis of target cells was 
determined. Cytolytic activity is expressed as % specific lysis: 
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Results: 







% Specific Ivsis bv formulation: 


Target cells: 


EfTcctor: 


1. RTS.S/ 


2. RTS.S/ 


3. RTS.S/ 




f n r era \ 


PlCO 1 / 

\ioZlf 


QS21/ 


3D-MPL 




ratio 


oU-lvlrL 






CS transfected L 


100 


58 


17 


1 


cells 


30 


c o 
5o 


10 


0 




10 


47 


5 


1 




3 


07 


1 


0 




1 


11 


0 


0 




0.3 


2 


-2 


-1 


Lcell 


100 


3 


-2 


5 




30 


-2 


1 


4 




10 


0 


-1 


2 




3 


0 


3 


4 




1 


-1 


4 


2 




0.3 


3 


1 


2 



Immunisation of B10.BR mice with RTS.S adjuvanted with QS21 and 3D- 
5 MPL (formulation #1) induced in the spleen high levels of CTL specific for 
the rircumsporozoite component of RTS.S. Immunisation with RTS.S 
particles adjuvanted with QS21 (formulation #2) also induced CTL in the 
spleen, but only at about 1730th of the levels given by formulation 81. 
RTS,S with 3D-MPL (formulation #3) did not induce CTL. 

10 

Since the target cells used in this assay do not express MHC class II 
molecules, the effector cells can be assumed to be CD8+, class I restricted 
CTL. 

15 3. Other formulation 

Hepatitis B Surface Antigen, Alum 3D-MPL and QS21. 

The preparation of Hepatitis B Surface antigen (HBsAg) is well 
20 documented. See for example Harford et a) Develop. Biol. Standard 54 

pl25 (1983), Gregg £Lal Biotechnology 5 p479 (1987) EP-A-0 226 846 and 
EP-A-299 108 and references therein. 
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3D-MPL was obtained from Ribi Immunochern, QS21 was obtained from 
Cambridge Biotech, and Aluminium hydroxide was obtained from 
Superfos (AJhydrogel). 

5 

A number of different formulations were made up for studies of cell 
mediated immunity in mice and for studies in Rhesus monkeys. 

3.1 Formulation 1 was made up in phosphate buiTcr (pH 6.8) to 
10 comprise the following per 60 ul dose. 

20 ug HBsAg 

30 ug Al(OH) 3 

30 ug 3D - MPL 

10 ug QS21 

10 mM PC-4 3 - 

0.15 M NaCl 

The formulation was made up in the following manner. 20ug HBsAg/dose 
was incubated with Al(OH) 3 for one hour at room temperature with 
15 gentle shaking. 3D-MPL was added as an aqueous suspension, and the 
formulation completed by the addition of QS21. phosphate buffer and 
sodium chloride and incubated for one hour at room temperature. The 
final formulation had a pH of between 6.5 and 7.0 and used for foot pad 
studies in mice. 

20 

3.2 Formulation 2 was made up in a phosphate buffer (pH6.8) to 
Comprise the following per 200 ul dose. 

1 HBsAg 

!00 M& Al (OH) 3 

50 ug 3D-MPL 

20 ug QS21 

10 mM PO,} 3 - 

0.15 M NaCl 

4 

25 The formulation was made up in the following manner. HBsAg and 

AKOH3) were incubated together for one hour at room temperature with 



H Q 94/00153 



PCT/EP93/0I5:j 



10 



- 14 • 

gentle shaking. The formulation was completed by the addition of 
Al(OH) 3 , 3D-MPL as an aqueous suspension and QS21. with phosphate 
buiTer and sodium chloride solution and incubated again for thirty 
minutes. The pH of the formulation was kept between 6.5 and 7.0 and 
used for Humoral immunity studies in mice. 

3.3 Formulation 3 was made up in a similar manner, in a phosphate 
buiTer (pH6.5 - 7.0) to contain the following per 1 ml dose : 

!0 Hg HBsAg 

500 ug Al(OH) 3 . 

50 ug 3D-MPL 

!0ug QS21 

The formulation was used for monkey studies. 

4. Conclusions 

15 The combination of the two adjuvants QS21 and 3D-MPL with the 

recombinant particulate antigen RTS.S resulted in a powerful induction of 
CS protein specific CTL in the spleen. QS21 enhances induction of CTL 
on its own. while 3D-MPL does not. The combination can be said to act in 
a synergistic way. because it has an effect that is larger than the sum of 
the separate effects of each adjuvant. The synergy between these two 
adjuvants for CTL induction is a surprising observation which supports 
our observation of synergy between QS21 and 3D-MPL for induction of T 
cells capable of secreting IFN-? in response to stimulation with the soluble 
recombinant protein gD2t. This finding has important implications for 
25 the use of recombinant molecules as vaccines for induction of CTL 

mediated immunity, since the combination of the two adjuvants QS21 and 
3D-MPL can overcome this serious limitation of vaccines based on 
recombinant proteins, and induce a wider spectrum of immune responses 
than hitherto. 



20 



30 



The mouse cell mediated immunogenicity data show that QS21 based 
formulations of rgD2t induce a significant synergistic TH 1 type T cell 
response (IFN-y secretion). .. 
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Such THl type T cells have been shown to be involved in induction of 
delayed type hypersensitivity responses in mice. Our own data in 
prophylaxis of HSV disease show that concomitant induction of 
neutralizing antibody titers and antigen specific DTH responses afTords 
5 the best protection against herpes simplex disease. 

Put together, these data suggested to us that QS21 formulations of rgD2t 
may be efTective in inducing a protective response against HSV disease. 
The data presented show an unexpected synergistic effect between 3D 
10 Monophosphoryl lipid A and QS21 t in inducing IFN-y secreting antigen 
specific T cells. Such a synergy may translate in improved ability to 
induce a protective response against HSV disease, and indeed these 
formulations are effective in protecting against disease in guinea pigs. 
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Claims 

1. A vaccine composition comprising an antigen and/or antigenic 
composition, QS21 and 3 De-O-acylated monophosphoryl lipid A (3D- 
MPU 

2. A vaccine as claimed in claim 1 wherein the ratio of QS21:3D-MPL 
is from 1:10 to 10:1. 

3. A vaccine composition as claimed in claim 1 or 2 capable of invoking 
a cytolytic T cell response in a mammal to the antigen or antigenic 
composition. 

4. A vaccine composition as claimed in any of claims 1 to 3 capable of 
15 stimulating interferon 7 production. 

5. A vaccine composition as claimed in any of claims 1 to 4 wherein 
the ratio of QS21:3D-MPL is from 1:1 to 1:2.5. 

20 6. A vaccine composition as claimed herein comprising an antigen or 
antigenic composition derived from any of Human Immunodeficiency 
Virus, Feline Immunodeficiency Virus. Herpes Simplex Virus type 1, 
Herpes Simplex virus type 2, Human cytomegalovirus, Hepatitis A.B.C or 
E, Respiratory Syncytial virus, human papilloma virus. Influenza virus. 

25 Salmonella. Neisseria, Borrelia, Chlamydia. Bordetella. Plasmodium or 
Toxoplasma. 

7. A vaccine as claimed in any of claim 1 to 5 wherein the antigen is a 
tumour antigen. 



30 



8. Use of composition as defined in any of claims 1 to 5 for the 
manufacture of a vaccine for the prophylatic treatment of viral, bacterial, 
or parasitic infections. 



35 



9. Use of composition as defined in any of claims 1 to 5 for the 
manufacture of a vaccine for the immunothcrapeutic treatment of viral, 
bacterial, parasitic infections or cancer. 
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10. A method of treating a mammal suiTering from or susceptible to a 
pathogenic infection comprising the administration of a safe and effective 
amount of a composition according to any of claims 1 to 5. 

5 11. A method of treating a mammal suiTering from cancer comprising 
the administration of a safe and effective amount of a composition 
according to any of claims 1 to 5. 



10 



12. A process for making a vaccine composition according to claims 1 to 
5 comprising admixing QS21 and 3D-MPL with an antigen or antigenic 
composition. 
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1.771 Claims 
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4. CD Notice ol Informal Patent Application, PTCMS2. 

«. □ 



_ are pending in the application. 
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Of the above, claims 

2. ^ Claims. 

3. LJ Claims 
4.1^] Claims 
S. Q Claims 

are subject to restriction or election requirement 

7. CD This appflcatJon has been filed wtth Informal drawings under 37 C.F.R. t.85 which are acceptable for examination purposes. 
Formal drawings are required In response to this Office action. 
The corrected or substitute drawings have been received on _ 



_ are withdrawn from consideration. 

have been cancelled. 

are allowed. 

are rejected. 

are objected to. * 



Under 37 C.F.R. 1 .84 these drawings 



are □ acceptable; □ not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948). 

10. □ The proposed additional or substitute sheet(s) of drawings, filed on , has (have) been Q approved by the 

examiner; □ disapproved by the examiner (see explanation). 



The proposed drawing correction, filed _ 



, has been Q approved; □ disapproved (see explanation). 
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15. The text of those sections of Title 35, U.S. Code not 
included in this action can be found in a prior Office action. 

16. The examiner acknowledges the cancellation of claims 8 
and 9 and the addition of claims 13-18. 

17. Claims pending are claims 1-7, 10-18. 

18. The objection to the specification because of 
informalities is withdrawn in view of applicant's amendments. 

19. The rejection of claims 1-12 under 35 U.S.C. §112 second 
paragraph as failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention 
is withdrawn in view of applicant's amendments to the claims and 
cancellation of claims 8 and 9. 

20. The examiner acknowledges the substitute specification 
which is in compliance with 37 CFR 1.52(b) and (c) . 

21. The examiner acknowledges the preliminary amendment in 
which claims 1, 3-12 were amended to conform to U.S. practice. 
The office action mailed 7/24/95 was in fact directed to those 
claims as amended in the preliminary amendment as all depending 
from claim l. 

Applicant's arguments filed 1/29/96 have been fully 
considered but they are not deemed to be persuasive. 

22. The provisional double patenting rejection of 
claims 1-7, 10-12 and newly presented claims 13-18 under 35 
U.S.C. §101 is maintained for reasons set forth in paper no. 4, 



Serial Number: 08/356,372 
Art Unit: 1813 



-3- 



paragraph 18 of the previous office action. The examiner notes 
applicant's statement concerning cancelling claims upon 
notification of allowable subject matter. 

23. The objection to the specification and rejection of 
claim 6 under 35 U.S.C. §112 first paragraph as the disclosure is 
enabling only for claims limited to an antigenic composition of 
glycoprotein D and CS protein from malaria in combination with 
the adjuvants 3D-MPL and QS-21, a method of making the antigenic 
composition and a method of stimulating cytolytic T cells and 
gamma interferon production is maintained essentially for reasons 
set forth in paper no. 4, paragraph 19 of the previous office 
action. 

The rejection was on the grounds that the claims are broadly 
drawn to a vaccine composition comprising" antigen derived from 
all viral, bacterial or parasitic infections as well as to human 
immunodeficiency virus and feline leukemia virus. The 
specification lacks enablement for vaccine compositions which 
would be effective against all of the claimed species of 
pathogenic infections, particularly against HIV, prophylactically 
or therapeutically. The specification provides no probative 
evidence to support a vaccine which would protect humans against 
AIDS. The obstacles to vaccine development and therapeutic 
approaches with regard to retroviruses associated with AIDS in 
humans are well documented in the literature. These obstacles 
include: 1) the extensive genomic diversity associated with the 
HIV retrovirus, particularly with respect to the gene encoding 
the envelope protein, 2) the fact that the modes of viral 
transmission include virus - infected rrononuclear cells, which pass 
the infecting virus to other cells in a covert form, as well as 
via free virus transmission, 3) existence of a latent form of the 
virus, 4) the ability of the retrovirus to "hide" in the central 
nervous system where blood cells and neutralizing agents carried 
by the blood cannot reach the retrovirus, due to the blood-brain 
barrier and 5) the complexity and variation of the elaboration of 
the disease. The existence of these obstacles establish that the 
contemporary knowledge in the art would prevent one of ordinary 
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skill in the art from accepting any vaccine or any immunization 
treatment or any therapeutic regimen on its face. In order to 
enable claims to drugs, antigenic compositions and their uses, 
either in vivo or in vitro data, or a combination of these can be 
used. However, the data must be such as to convince one of 
ordinary skill in the art that the proposed claims are 
sufficiently enabled. See In re Irons . 340 F.2d 924, 144 
USPQ 351 (CCPA 1965), Ex parte Krepelka . 231 USPQ 746 (PTO Bd. 
Pat. App. Sc Inter. 1986) and Ex parte Chwana , 231 USPQ 751 (PTO 
Bd. Pat. App. Sc Inter. 1986). By definition vaccines must not 
only induce an immune response, but must be immunogenic to the 
extent that upon subsequent challenge with the live virus, 
development of the disease is prevented, or better yet 
infectivity does not occur. 

The development of immune responses important in protection 
against HIV infection has not been established. Generally it is 
thought that humoral immunity as well as cell mediated immunity 
are lrrportant in recovery from viral infections. The generation 
of neutralizing antibody responses against HIV have not been well 
correlation with slowing or preventing HIV infection. Cohen et 
al have reported that neutralizing antibodies have been unable to 
neutralize what is known as "primary field isolates" of HIV, 
which isolates are more closely related to that which would 
infect the general population (page 980) . Similarly the 
development of cytolytic responses has not been correlated with 
the slowing of progression to HIV disease. Butini et al, in 
comparing CTL activity in lynphoid tissue and peripheral blood 
found HIV- specific CTL activity in a patient with rapidly 
progressive disease, while in another patient showing no 
progression of immunodeficiency, no CTL activity (abstract J306) . 
Thus it is not clear what factors or parameters constitute 
immunity to HIV disease. Additionally, the claims are drawn to 
vaccine compositions against feline leukemia virus. This virus 
appears to be a virus specific to the feline animal species while 
the others appear to cause infections in humans. The 
specification lacks enablement for the claimed adjuvant 
coopositions and the feline leukemia virus and enablement to show 
that the claimed adjuvants are effective in the feline animal 
species. In view of all of the above and in view of the lack of 
guidance provided by the specification with respect to the 
enablement of the broad claims, it is determined that the 
specification is not commensurate in scope with the claimed 
subject matter. 

Applicant urges that with respect to HIV, clinical trials 

are proceeding but results are unavailable, the rejection appears 
to be based upon utility, the specification contains sufficient 
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data to support the broad scope of the claimed subject matter. 
Applicant additionally urges that a Declaration under 1.132 will 
be filed providing additional data if needed and cites In re 
Va££k, In re Garner, and Atlas Powder Co. v. E.I. Dupont de 
Nemours in support. 

It is the examiner's position that claim 6 is broadly drawn 
to several different species of organisms which include the human 
immunodeficiency virus. The specification lacks enablement for a 
vaccine composition, particularly against HIV infection. The 
obstacles to the development of vaccines and treatment therapies 
against HIV have already been outlined and discussed in the 
previous office action. Applicant has stated that antigens form 
opposite ends of the spectrum were chosen and tested. However, 
it is not apparent from the specification, that one would 
reasonably expect particulate or soluble antigens from, for 
exanple, HIV to function similarly, particularly in view of the 
lack of correlation between in vitro results and in vivo efficacy 
associated with HIV. The immune correlates of HIV infection have 
yet to be determined and the instant specification lacks 
sufficient guidance and teaching to show that one would 
reasonably expect particulate and insoluble HIV antigens to 
function similarly to CS and glycoprotein D antigens, as 
disclosed in the instant specification. In view of all of the 
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above, the specification is not commensurate in scope with the 
claimed subject matter. 

24. The rejection of claims 1, 2, 5, 6, 10, 12 and newly 
presented claims 13 and 14 under 35 U.S.C. §103 as being 
unpatentable over Long et al, 1984 in view of Kensil et al, U.S. 
Pat. No. 5,057,540 and further in view of Schneerson et al, 1991 
is maintained essentially for reasons set forth in paper no. 4, 
paragraph 22 of the previous office action. It should be noted 
that this is a new grounds of rejection with respect to newly 
presented claims 13 and 14. 

The rejection was on the grounds that Long et al describe 
the protection of mice from lethal challenge with herpes virus, 
after administration of herpes virus glycoprotein D in adjuvant 
(abstract and table 1) . The administration of glycoprotein D 
conferred protection against lethal challenge with both 
homologous and heterologous virus types (page 763, first column) . 
Glycoprotein D generated high levels of neutralizing antibody 
titres (pages 761-763 and table 1) . Long et al differ from the 
claimed invention in not specifically describing the use of QS-21 
or 3D-MPL in the antigenic composition. 

Kensil et al teach compositions of saponins and antigens and 
the effectiveness of saponins (from Qulllaja saponaria bark) such 
as QA-21, QA-17 and QA-18 as adjuvants in antigenic compositions 
(abstract, figures 12-15 and columns 20-23) . Saponins are 
natural products and may be used as immune adjuvants (col. 3, 
lines 8-46) . The effective ratios of adjuvant to antigen 
suggested are "3.0 or less or preferably 1.0 or less" (col. 7, 
lines 10-13). The saponins, particularly QA- 21 (col. 5, 
lines 30-35) which appears to be similar or an obvious or 
analogous variant of the claimed QS-21, may be administered 
individually or admixed with other substantially pure adjuvants 
to "achieve the enhancement of the immune response to an antigen" 
(col. 7, lines 14-20). While Kensil, et al suggest the use of 
QA-21 in admixture with. other adjuvants, Kensil et al do not 
specifically describe 3-De-O-acylated monophosphoryl lipid A (3D- 
MPL) as an adjuvant. However, Schneerson et al describe the 
enhancement of serum antibody responses in mice to polysaccharide 
antigens in combination with MPL as adjuvant (abstract, page 213, 
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tables 1-6) . Antigen in combination with MPL, which MPL appears 
to be similar or an obvious or analogous variant of the 
claimed 3D-MPL, when administered, generated higher specific 
serum antibody responses. Schneerson et al also describe 
compositions of MPL and other adjuvants with antigen at ratios 
of 1:1 (page 213, tables 2-5) . It would have been prima facie 
obvious to one of ordinary skill in the art at the time the 
invention was made to include QS-21 and 3D-MPL in an antigenic 
composition with antigen as suggested by Kensil et al and 
Schneerson et al. It would have been expected, barring evidence 
to the contrary, that the addition of QS-21 and 3D-MPL to 
glycoprotein D subunit vaccine of herpes simplex virus of Long, 
et al, would be effective in enhancing the neutralizing antibody 
response to glycoprotein D, resulting in protection against 
infection with herpes virus types 1 and 2. The use of a 
particular ratio of QS-21 to 3D-MPL is well within the level of 
skill in the art, would be a matter of empirical determination 
and design choice. 

Applicant urges that Long et al disclose gD of herpes sinplex in 
combination with Freund's complete adjuvant, only antibody 
responses are disclosed, no CTL responses are disclosed, there is 
no suggestion to use an adjuvant other than Freund's and the last 
sentence of Long states that it remains to be seen if the test 
vaccine is protective against the establishment of latency of 
recurrent infection. 

It is the examiner's position that the claims do not recite 
humoral or CTL responses (i.e. claims 1, 2, 5, 6, 10, . 
12, 13, 14) . The claims are drawn to a vaccine composition 
conprising antigen and the QS21 and 3D -MPL adjuvants. The claims 
are also not drawn to a method of inhibiting the establishment of J 
latency of recurrent herpes sinplex virus infection. Long et la j 
disclose that immunization with adjuvanted glycoprotein D from 
Herpes Sinplex Virus types 1 and 2 can protect against lethal 
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challenge with Herpes virus. It is very well known in the art 
that Freund's conplete adjuvant is not suitable for human use. 
Thus the ordinarily skilled artisan would be motivated to use an 
adjuvant other than Freund's conplete adjuvant, if contemplating 
human use. However, it should be noted that the claims are not 
limited to the use of the compositions in humans. 

Applicant urges that Kensil et al do not suggest the use of 
QS-21 in conjunction with 3D-MPL. Applicant urges that Kensil et 
al disclose the use of mixtures of saponin and/or non- saponin 
adjuvants but does not suggest that there is synergism with the 
addition of another adjuvant. Applicant additionally adds that 
Kensil et al only disclosed one working example to support their 
broadly claimed subject matter. 

It should be noted that neither applicant nor the examiner 
is knowledgeable of the prosecution history of the application 
which resulted in U.S. Pat. No. 5,057,540 or what additional 
evidence was presented or what additional data were presented. It 
is the examiner's position that applicant appears to argue the 
references individually without clearly addressing the 
combination of references. Kensil et al suggest the following: 

a) the use of QS-21 adjuvant to enhance immune responses 

b) mixtures of the saponin adjuvant which enhanced antibody 
responses two orders of magnitude greater when the antigen was 
administered without adjuvant (column 4, lines 20-28) 
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c) the effectiveness of the saponin adjuvants at lower doses 
(column 5, lines 28-34) 

d) the administration of saponin together with non- saponin 
adjuvants from a variety of other adjuvant sources (column 7, 
lines 14-40) and 

e) a method of administering a composition comprising 
antigen and a mixture of saponins (columns 20-22) . 

Applicant urges that the tertiary reference relates to MPL 
and not 3D-MPL and only in combination with TDM, there is no 
suggestion of other adjuvants which can be used and the 
combination of references is improper citing in support, for 
example, In re Im perato, In re Nomiya, In re Fine and In re 
Ochiai . It appears that the cited case law is not particularly 
relevant to the instant invention. Contrary to the facts 
presented in for example, In re Nomiya or In re Fine , the cited 
combination of teachings in the instant application expressly 
suggests a mixture of antigen and adjuvants and a suggestion of 
an enhanced immune response which would be two orders of 
magnitude greater than a response absent adjuvants. 
Additionally, one of ordinary skill in the art realizing that 
Freund's Corrplete Adjuvant is not suitable for human use would be 
motivated to use an adjuvant other than Freund f s Complete 
Adjuvant particularly if contenrplating human use. These facts 
appear to be contrary to those in the cited case law. 
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It is the examiner's position that again applicant appears 
to argue the references individually as if each was anticipatory 
under 35 U.S.C. §102. It must be remembered that the references 
are relied upon in combination and are not meant to be considered 
separately as in a vacuum. It is the combination of all of the 
cited and relied upon references which make up the state of the 
art with regard to the claimed invention. Applicant's claimed 
invention fails to patentably distinguish over the state of the 
art represented by the cited references. In re Young, 403 
F,2 fl 754, 159 USPQ 725 (CCPA 1968); In re Keller 642 F.2d 
413, 208 USPO 871 (CCPA 1981). Moreover, specific statements in 
the references themselves which would spell out the claimed 
invention are not necessary to show obviousness since questions 
of obviousness involves not only what references expressly teach, 
but what they would collectively suggest to one of ordinary skill 
in the art. See CTS Corp, v. Electro Materials Corp. of America 
(DC SNY) 202 USPQ 22; and In re Burckel (CCPA 201 USPQ 67) . It 
should be noted that it was stated that the adjuvant described by 
Schneerson et al appears to be an obvious or analogous variant of 
the claimed adjuvant. There is nothing on record to show that 
the MPL of the prior art reference would not function similarly 
to the claimed 3D-MPL adjuvant. Indeed, applicant has submitted 
a reference (Myers, U.S. Pat. No. 4,912,094) which states that 
all of the uses disclosed in the literature for MPL can be 
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entertained with respect to d3-MPL (col. 9, lines 62-68). Thus 
it would appear that the criticality of using 3D-MPL as opposed 
to MPL has not been established in the instant specification. 
The combination of teachings of the prior art has suggested the 
use of antigen in combination with a mixture of adjuvants 
(saponin and/or non- saponin) , and the art suggests that lower 
doses of saponin may be used to enhance the immune response at 
least two orders of magnitude higher. Schneerson et al suggest 
the use of MPL, which appears to be an obvious variant of the 
claimed 3D-MPL, in combination with TDM to enhance antibody 
response to antigen. It would follow then, that the combination 
of QS-21 + MPL + antigen would at least enhance an immune 
response two orders of magnitude higher, absent evidence to the 
contrary. It should be noted that the claims are drawn to a 
vaccine or pharmaceutical conposition enploying the open ended 
terminology "conprising" . Applicant 1 s use of the open-ended term 
"conprising" in the claims fails to exclude unrecited steps and 
leaves the claims open for inclusion of unspecified ingredients, 
even in major amounts. See In re Horvitz , 168 F 2d 522, 78 
U.S.P.Q. 79 (C.C.P.A. 1948) and Ex parte Davis et al . . 80 
U.S.P.Q. 448 (PTO d. App. 1948). 

25. The rejection of claims 1, 3, 4, and newly presented 
claims 15-18 under 35 U.S.C. §103 as being obvious over Schofield 
et al or Weiss et al in view of Kensil et al and further in view 
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of Schneerson et al is maintained essentially for reasons set 
forth in paper no. 4, paragraph 23 of the previous office action. 
It should be noted that this is a new grounds of rejection with 
respect to newly presented claims 15-18. 

The rejection was on the grounds that Schofield et al 
describe the immunization of rats with irradiated Plasmodium 
berghei sporozoites. The immunization with irradiated 
sporozoites generated humoral immunity as well as cell mediated 
immunity with the development of gamma interferon producing 
(ylFN) cytotoxic T cells, indicating the involvement of cytotoxic 
cells and yl™ i n the development of immunity to malaria 
sporozoites (page 668) . Likewise, Weiss et al describe 
immunization of mice with live sporozoites and the development of 
T cell-mediated immunity (abstract, page 573 and tables 1-3) . 
Schofield, et al and Weiss et al differ from the claimed 
invention in not specifically describing antigenic compositions 
comprising QS-21 and 3D-MPL. However, the teachings of Kensil et 
al and Schneerson et al have already been described above. Thus 
it would have been prima facie obvious to one of ordinary skill 
in the art at the time the invention was made to include 3D-MPL 
and QS-21 in an antigenic composition of live or irradiated 
sporozoites. It would have been expected, barring evidence to 
the contrary, that the antigenic composition would generate 
enhanced cytolytic T cell responses and ylFN production which 
would result in enhanced immunity to malaria sporozoites. 

Applicant urges that Weiss states that CD8+ T cells are 

required for protection, immunization with irradiated sporozoites 
is impractical, Schofield et al as well as Weiss et al do not 
offer solutions to the problem of the need for y -interferon 
production and T cell mediated immunity and that neither of the 
references in combination with the secondary or tertiary 
references teaches or suggests the claimed invention. 

It is the examiner's position that Weiss et al establish the 
importance of T cell mediated immunity to parasitic infections 
such as malaria, the antigen employed was irradiated 



Serial Number: 08/356,372 
Art Unit: 1813 



-13- 



sporozoites. It is stated that humans have been successfully 

immunized with irradiated sporozoites. It is also stated that 

the use of attenuated parasites is impractical . However, it 

should be noted that the claims are not limited to human malarial 

organisms or the use of the vaccine composition in humans. 

Schofield et al additionally establish the need for y -interferon, 

CD8+ T cells and antibodies in immunity to the antigen, malaria 

sporozoites. The combination therefore of irradiated malaria 

sporozoite antigen as disclosed by Weiss or Schofield with QS-21 

and MPL as disclosed by Kensil and Schneerson, respectively, 

would indeed have been obvious as has already been described 

above. It would have been expected, barring evidence to the 

contrary, that immune responses would have been generated with 

the addition of the mixture of adjuvants which would have 

resulted in at least two orders of magnitude higher than immune 

responses in the absence of adjuvants. 

26. The rejection of claims 1, 7 and 11 under 35 U.S.C. §103 

as being unpatentable over Cantrell, U.S. Pat. No. 4,877,611 in 

view of Kensil et al , U.S. Pat. No. 5,057,540 is maintained 

essentially for reasons set forth in paper no. 4, paragraph 24 of 

the previous office action. 

The rejection was on the grounds that Cantrell describes 
vaccines comprising adjuvants, such as MPL, together with tumor 
antigens. The MPL appears to be similar or an obvious or 
analogous variant of the claimed 3D-MPL (abstract and cols. 3-6) . 
It is stated that the vaccines are effective for the treatment 
and prevention of cancerous tumors (col. 2, lines 41-60) and can 
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be used to provide a protective and lasting tumor immunity 
(abstract, col. 10-15) . It is suggested that other adjuvants can 
also be employed with the immunogenic compositions (col. 5, 
lines 34-42) . Cantrell differs from the claimed invention in not 
specifically describing the use of QS-21 in the anti-tumor 
composition. However, the teachings of Kensil et al, have 
already been described above. Thus it would have been prima 
facie obvious to one or ordinary skill in the art at the time the 
invention was made to include QS-21 and MPL in an ant i- tumor 
antigenic composition. It would have been expected, barring 
evidence to the contrary, that the amount of ant i- tumor 
composition administered would be safe and effective and would 
enhance tumor immunity which would be protective and long 
lasting. 

Applicant urges that Cantrell does not teach 3D-MPL, the 
similarity of 3D-MPL to MPL is not relevant and cites In re 
Ochiai in support, the reference only teaches MPL in combination 
with a bacterial immunostimulant and there is no suggestion to 
combine it with a willow bark extract. 

It is the examiner's position that as has already been 
pointed, that applicant appears to argue the references 
individually, as if each were presented in support of a rejection 
under 35 U.S.C. §102. It must be remembered that the references 
are relied upon in combination and are not meant to be considered 
separately as in a vacuum. It is the combination of all of the 
cited and relied upon references which make up the state of the 
art with regard to the claimed invention. Applicant's claimed 
invention fails to patentably distinguish over the state of the 
art represented by the cited references. In re Young, 403 
F,2d 754, 159 VSPQ 725 (CCPA 1958); In re Keller 642 F,2d 
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Serial Number: 08/356,372 
Art Unit: 1813 



-15- 



the references themselves which would spell out the claimed 

invention are not necessary to show obviousness since questions 

of obviousness involves not only what references expressly teach, 

but what they would collectively suggest to one of ordinary skill 

in the art. See CIS Corp. v. Electro Materials Corp. of America 

(DC SNY) 202 USPQ 22; and In re Burckel (CCPA 201 USPQ 67) . 

Cantrell describes vaccine compositions comprising adjuvants such 

as MPL, which appears to be an obvious or analogous variant of 

the claimed 3D-MPL, together with tumor antigens. It is stated 

that the vaccines are effective for the treatment and prevention 

of cancerous tumors. There is nothing on record to show that the 

MPL adjuvant of Cantrell would not function similarly to the 

claimed 3D-MPL adjuvant. Additionally, Cantrell suggests that 

other adjuvants can also be employed with the immunogenic 

compositions . Thus it would appear that the combination of tumor 

antigen + MPL as suggested by Cantrell with the QS-21 of Kensil 

would indeed enhance the immune response and it would have been 

expected, barring evidence to the contrary, that the inmine 

response would be enhanced at least two orders of magnitude 

higher than the composition without adjuvant. 

27. THIS ACTION IS MADE FINAL. Applicant is reminded of the 

extension of time policy as set forth in 37 C.F.R. § 1.136(a). 

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL 
ACTION IS SET TO EXPIRE THREE MONTHS FRCM THE DATE OF THIS 
ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS 
OF THE MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION 
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IS NOT MAILED UNTIL AFTER THE END OF THE THREE -MONTH SHORTENED 
STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE 
ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE 
PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE 
MAILING DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE 
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM 
THE DATE OF THIS FINAL ACTION. 

28. Papers related to this application may be submitted to 
Group 180 by facsimile transmission. Papers should be faxed to 
Lynette F. Smith, Art Unit 1813 arid should be marked "OFFICIAL" 
for entry into prosecution history or "DRAFT" for consideration 
by the examiner without entry. The Art Unit 1813 FAX telephone 
number is (703) -305-7939 . FAX machines will be available to 
receive transmissions 24 hours a day. In compliance with 1096 

OG 30, the filing date accorded to each OFFICIAL fax transmission 
will be determined by the FAX machine's stamped date found on the 
last page of the transmission, unless that date is a Saturday, 
Sunday or Federal Holiday with the District of Columbia, in which 
case the OFFICIAL date of receipt will be the next business day. 

29. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Lynette F. 
Smith whose telephone number is (703) 308-3909. 

Any inquiry of a general nature or relating to the status of 
this application should be directed to the Group receptionist 
whose telephone number is (703) 308-0196. 

Should the examiner be unavailable, Supervisory Patent 
Examiner Christine M. Nucker, may be reached at (703) 308-4028. 



Sndth/lfs<^p£#> 
May 15, 1996 
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15. The text of those sections of Title 35, U.S. Code not 
included in this action can be found in a prior Office action. 

16. The examiner acknowledges the cancellation of claims 8 
and 9 and the addition of claims 13-18. 

17. Claims pending are claims 1-7, 10-18. 

18. The objection to the specification because of 
informalities is withdrawn in view of applicant's amendments. 

19. The rejection of claims 1-12 under 35 U.S.C. §112 second 
paragraph as failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention 
is withdrawn in view of applicant's amendments to the claims and 
cancellation of claims 8 and 9. 

20. The examiner acknowledges the substitute specification 
which is in conpliance with 37 CFR 1.52(b) and (c) . 

21. The examiner acknowledges the preliminary amendment in 
which claims 1, 3-12 were amended to conform to U.S. practice. 
The office action mailed 7/24/95 was in fact directed to those 
claims as amended in the preliminary amendment as all depending 
from claim l. 

Applicant's arguments filed 1/29/96 have been fully 
considered but they are not deemed to be persuasive. 

22. The provisional double patenting rejection of 
claims 1-7, 10-12 and newly presented claims 13-18 under 35 
U.S.C. §101 is maintained for reasons set forth in paper no. 4, 
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paragraph 18 of the previous office action. The examiner notes 
applicant's statement concerning cancelling claims upon 
notification of allowable subject matter. 

23. The objection to the specification and rejection of 
claim 6 under 35 U.S.C. §112 first paragraph as the disclosure is 
enabling only for claims limited to an antigenic composition of 
glycoprotein D and CS protein from malaria in combination with 
the adjuvants 3D-MPL and QS-21, a method of making the antigenic 
composition and a method of stimulating cytolytic T cells and 
gamma interferon production is maintained essentially for reasons 
set forth in paper no. 4, paragraph 19 of the previous office 
action. 

The rejection was on the grounds that the claims are broadly 
drawn to a vaccine composition comprising antigen derived from 
all viral, bacterial or parasitic infections as well as to human 
immunodeficiency virus and feline leukemia virus. The 
specification lacks enablement for vaccine conpositions which 
would be effective against all of the claimed species of 
pathogenic infections, particularly against HIV, prophylactically 
or therapeutically. The specification provides no probative 
evidence to support a vaccine which would protect humans against 
AIDS. The obstacles to vaccine development and therapeutic 
approaches with regard to retroviruses associated with AIDS in 
humans are well documented in the literature. These obstacles 
include: 1) the extensive genomic diversity associated with the 
HIV retrovirus, particularly with respect to the gene encoding 
the envelope protein, 2) the fact that the modes of viral 
transmission include virus -infected mononuclear cells, which pass 
the infecting virus to other cells in a covert form, as well as 
via free virus transmission, 3) existence of a latent form of the 
virus, 4) the ability of the retrovirus to "hide" in the central 
nervous system where blood cells and neutralizing agents carried 
by the blood cannot reach the retrovirus, due to the blood-brain 
barrier and 5) the conplexity and variation of the elaboration of 
the disease. The existence of these obstacles establish that the 
contemporary knowledge in the art would prevent one of ordinary 
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skill in the art from accepting any vaccine or any immunization 
treatment or any therapeutic regimen on its face. In order to 
enable claims to drugs, antigenic corrpositions and their uses, 
either in vivo or in vitro data, or a combination of these can be 
used. However, the data must be such as to convince one of 
ordinary skill in the art that the proposed claims are 
sufficiently enabled. See In re Irons , 340 F.2d 924, 144 
USPQ 351 (CCPA 1965), Ex parte Krepelka . 231 USPQ 746 (PTO Bd. 
Pat. App. & Inter. 1986) and Ex parte Chwana , 231 USPQ 751 (PTO 
Bd. Pat. App. & Inter. 1986) . By definition vaccines must not 
only induce an immune response, but must be immunogenic to the 
extent that upon subsequent challenge with the live virus, 
development of the disease is prevented, or better yet 
infectivity does not occur. 

The development of immune responses inportant in protection 
against HIV infection has not been established. Generally it is 
thought that humoral immunity as well as cell mediated immunity 
are inportant in recovery from viral infections. The generation 
of neutralizing antibody responses against HIV have not been well 
correlation with slowing or preventing HIV infection. Cohen et 
al have reported that neutralizing antibodies have been unable to 
neutralize what is known as "primary field isolates" of HIV, 
which isolates are more closely related to that which would 
infect the general population (page 980) . Similarly the 
development of cytolytic responses has not been correlated with 
the slowing of progression to HIV disease. Butini et al, in 
comparing CTL activity in lymphoid tissue and peripheral blood 
found HIV-specific CTL activity in a patient with rapidly 
progressive disease, while in another patient showing no 
progression of immunodeficiency, no CTL activity (abstract J306) . 
Thus it is not clear what factors or parameters constitute 
immunity to HIV disease. Additionally, the claims are drawn to 
vaccine compositions against feline leukemia virus. This virus 
appears to be a virus specific to the feline animal species while 
the others appear to cause infections in humans. The 
specification lacks enablement for the claimed adjuvant 
compositions and the feline leukemia virus and enablement to show 
that the claimed adjuvants are effective in the feline animal 
species. In view of all of the above and in view of the lack of 
guidance provided by the specification with respect to the 
enablement of the broad claims, it is determined that the 
specification is not commensurate in scope with the claimed 
subject matter. 

Applicant urges that with respect to HIV, clinical trials 

are proceeding but results are unavailable, the rejection appears 
to be based upon utility, the specification contains sufficient 
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data to support the broad scope of the claimed subject matter. 
Applicant additionally urges that a Declaration under 1.132 will 
be filed providing additional data if needed and cites In re 
Va££k, 3fo re Qarctor, and Atlas Powder Co. v. E.I. Dupont de 
Nemours in support. 

It is the examiner's position that claim 6 is broadly drawn 
to several different species of organisms which include the human 
immunodeficiency virus. The specification lacks enablement for a 
vaccine corrposition, particularly against HIV infection. The 
obstacles to the development of vaccines and treatment therapies 
against HIV have already been outlined and discussed in the 
previous office action. Applicant has stated that antigens form 
opposite ends of the spectrum were chosen and tested. However, 
it is not apparent from the specification, that one would 
reasonably expect particulate or soluble antigens from, for 
example, HIV to function similarly, particularly in view of the 
lack of correlation between in vitro results and in vivo efficacy 
associated with HIV. The irmtune correlates of HIV infection have 
yet to be determined and the instant specification lacks 
sufficient guidance and teaching to show that one would 
reasonably expect particulate and insoluble HIV antigens to 
function similarly to CS and glycoprotein D antigens, as 
disclosed in the instant specification. In view of all of the 
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above, the specification is not commensurate in scope with the 
claimed subject matter. 

24. The rejection of claims 1, 2, 5, 6, 10, 12 arid newly 
presented claims 13 and 14 under 35 U.S.C. §103 as being 
unpatentable over Long et al, 1984 in view of Kensil et al, U.S. 
Pat. No. 5,057,540 and further in view of Schneerson et al, 1991 
is maintained essentially for reasons set forth in paper no. 4, 
paragraph 22 of the previous office action. It should be noted 
that this is a new grounds of rejection with respect to newly 
presented claims 13 and 14. 

The rejection was on the grounds that Long et al describe 
the protection of mice from lethal challenge with herpes virus, 
after administration of herpes virus glycoprotein D in adjuvant 
(abstract and table 1) . The administration of glycoprotein D 
conferred protection against lethal challenge with both 
homologous and heterologous virus types (page 763, first column) . 
Glycoprotein D generated high levels of neutralizing antibody 
titres (pages 761-763 and table 1) . Long et al differ from the 
claimed invention in not specifically describing the use of QS-21 
or 3D-MPL in the antigenic composition. 

Kensil et al teach compositions of saponins and antigens and 
the effectiveness of saponins (from Quillaja saponaria bark) such 
as QA-21, QA-17 and QA-18 as adjuvants in antigenic compositions 
(abstract, figures 12-15 and columns 20-23) . Saponins are 
natural products and may be used as immune adjuvants (col. 3, 
lines 8-46) . The effective ratios of adjuvant to antigen 
suggested are "3.0 or less or preferably 1.0 or less" (col. 7, 
lines 10-13). The saponins, particularly QA-21 (col. 5, 
lines 30-35) which appears to be similar or an obvious or 
analogous variant of the claimed QS-21, may be administered 
individually or admixed with other substantially pure adjuvants 
to "achieve the enhancement of the irmune response to an antigen" 
(col. 7, lines 14-20). While Kensil, et al suggest the use of 
QA-21 in admixture with other adjuvants, Kensil et al do not 
specifically describe 3-De-O-acylated monophosphoryl lipid A (3D- 
MPL) as an adjuvant. However, Schneerson et al describe the 
enhancement of serum antibody responses in mice to polysaccharide 
antigens in combination with MPL as adjuvant (abstract, page 213, 
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tables 1-6) . Antigen in combination with MPL, which MPL appears 
to be similar or an obvious or analogous variant of the 
claimed 3D-MPL, when administered, generated higher specific 
serum antibody responses. Schneerson et al also describe 
compositions of MPL and other adjuvants with antigen at ratios 
of 1:1 (page 213, tables 2-5) . It would have been prima facie 
obvious to one of ordinary skill in the art at the time the 
invention was made to include QS-21 and 3D -MPL in an antigenic 
composition with antigen as suggested by Kensil et al and 
Schneerson et al. It would have been expected/ barring evidence 
to the contrary, that the addition of QS-21 and 3D-MPL to 
glycoprotein D subunit vaccine of herpes simplex virus of Long, 
et al, would be effective in enhancing the neutralizing antibody 
response to glycoprotein D, resulting in protection against 
infection with herpes virus types 1 and 2. The use of a 
particular ratio of QS-21 to 3D -MPL is well within the level of 
skill in the art, would be a matter of empirical determination 
and design choice. 

Applicant urges that Long et al disclose gD of herpes sirrplex in 
combination with Freund's conplete adjuvant, only antibody 
responses are disclosed, no CTL responses are disclosed, there is 
no suggestion to use an adjuvant other than Freund's and the last 
sentence of Long states that it remains to be seen if the test 
vaccine is protective against the establishment of latency of 
recurrent infection. 

It is the examiner's position that the claims do not recite 
humoral or CTL responses (i.e. claims 1, 2, 5, 6, 10, 
12, 13, 14) , The claims are drawn to a vaccine composition 
comprising antigen and the QS21 and 3D-MPL adjuvants. The claims 
are also not drawn to a method of inhibiting the establishment of 
latency of recurrent herpes simplex virus infection. Long et la 
disclose that immunization with adjuvanted glycoprotein D from 
Herpes Sirrplex Virus types 1 and 2 can protect against lethal 
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challenge with Herpes virus. It is very well known in the art 
that Freund's complete adjuvant is not suitable for human use. 
Thus the ordinarily skilled artisan would be motivated to use an 
adjuvant other than Freund's conplete adjuvant, if conterrplating 
human use. However, it should be noted that the claims are not 
limited to the use of the compositions in humans. 

Applicant urges that Kensil et al do not suggest the use of 
QS-21 in conjunction with 3D-MPL. Applicant urges that Kensil et 
al disclose the use of mixtures of saponin and/or non- saponin 
adjuvants but does not suggest that there is synergism with the 
addition of another adjuvant. Applicant additionally adds that 
Kensil et al only disclosed one working example to support their 
broadly claimed subject matter. 

It should be noted that neither applicant nor the examiner 
is knowledgeable of the prosecution history of the application 
which resulted in U.S. Pat. No. 5,057,540 or what additional 
evidence was presented or what additional data were presented. It 
is the examiner's position that applicant appears to argue the 
references individually without clearly addressing the 
combination of references. Kensil et al suggest the following: 

a) the use of QS-21 adjuvant to enhance immune responses 

b) mixtures of the saponin adjuvant which enhanced antibody 
responses two orders of magnitude greater when the antigen was 
administered without adjuvant (column 4, lines 20-28) 
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c) the effectiveness of the saponin adjuvants at lower doses 
(column 5, lines 28-34) 

d) the administration of saponin together with non- saponin 
adjuvants from a variety of other adjuvant sources (column 7, 
lines 14-40) and 

e) a method of administering a composition comprising 
antigen and a mixture of saponins (columns 20-22) . 

Applicant urges that the tertiary reference relates to MPL 
and not 3D-MPL and only in combination with TDM, there is no 
suggestion of other adjuvants which can be used and the 
combination of references is improper citing in support, for 
exairple, In re Imperato, In re Nomiva. In re Fine and In re 
Qc hi ai , „ It appears that the cited case law is not particularly 
relevant to the instant invention. Contrary to the facts 
presented in for exarrple, In re Nomiya or In re Fine , the cited 
combination of teachings in the instant application expressly 
suggests a mixture of antigen and adjuvants and a suggestion of 
an enhanced imnrcune response which would be two orders of 
magnitude greater than a response absent adjuvants. 
Additionally, one of ordinary skill in the art realizing that 
Freund's Complete Adjuvant is not suitable for human use would be 
motivated to use an adjuvant other than Freund's Conrplete 
Adjuvant particularly if contenplating human use. These facts 
appear to be contrary to those in the cited case law. 
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It is the examiner's position that again applicant appears 
to argue the references individually as if each was anticipatory 
under 35 U.S.C. §102. It must be remembered that the references 
are relied upon in combination and are not meant to be considered 
separately as in a vacuum. It is the combination of all of the 
cited and relied upon references which make up the state of the 
art with regard to the claimed invention. Applicant ' s claimed 
invention fails to patentably distinguish over the state of the 
art represented by the cited references. In re Young , 403 
F,2d 754, 159 USPO 725 (CCPA 1968); In re Keller 642 F.2d 
413, 208 USPO 871 (CCPA 1981). Moreover, specific statements in 
the references themselves which would spell out the claimed 
invention are not necessary to show obviousness since questions 
of obviousness involves not only what references expressly teach, 
but what they would collectively suggest to one of ordinary skill 
in the art. See CTS Core, v. Electro Materials Core, of America 
(DC SNY) 202 USPQ 22; and In re Burckel (CCPA 201 USPQ 67) . It 
should be noted that it was stated that the adjuvant described by 
Schneerson et al appears to be an obvious or analogous variant of 
the claimed adjuvant. There is nothing on record to show that 
the MPL of the prior art reference would not function similarly 
to the claimed 3D-MPL adjuvant. Indeed, applicant has submitted 
a reference! (Myers, U.S. Pat. No. 4,912,094) which states that 
all of the uses disclosed in the literature for MPL can be 
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entertained with respect to d3-MPL (col. 9, lines 62-68). Thus 
it would appear that the criticality of using 3D-MPL as opposed 
to KPL has not been established in the instant specification. 
The combination of teachings of the prior art has suggested the 
use of antigen in combination with a mixture of adjuvants 
(saponin and/or non- saponin) , and the art suggests that lower 
doses of saponin may be used to enhance the immune response at 
least two orders of magnitude higher. Schneerson et al suggest 
the use of MPL, which appears to be an obvious variant of the 
claimed 3D -MPL, in combination with TDM to enhance antibody 
response to antigen. It would follow then, that the combination 
of QS-21 + MPL + antigen would at least enhance an immune 
response two orders of magnitude higher, absent evidence to the 
contrary. It should be noted that the claims are drawn to a 
vaccine or pharmaceutical composition employing the open ended 
terminology "comprising" . Applicants use of the open-ended term 
"comprising" in the claims fails to exclude unrecited steps and 
leaves the claims open for inclusion of unspecified ingredients, 
even in major amounts. See In re Horvitz , 168 F 2d 522, 78 
U.S.P.Q. 79 (C.C.P.A. 1948) and Ex parte Davis et al. . 80 
U.S.P.Q. 448 (PTO d. App. 1948). 

25. The rejection of claims 1, 3, 4, and newly presented 
claims 15-18 under 35 U.S.C. §103 as being obvious over Schofield 
et al or Weiss et al in view of Kensil et al and further in view 
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of Schneerson et al is maintained essentially for reasons set 
forth in paper no. 4, paragraph 23 of the previous office action. 
It should be noted that this is a new grounds of rejection with 
respect to newly presented claims 15-18. 

The rejection was on the grounds that Schofield et al 
describe the immunization of rats with irradiated Plasmodium 
berghei sporozoites. The immunization with irradiated 
sporozoites generated humoral immunity as well as cell mediated 
immunity with the development of gamma interferon producing 
(ylFN) cytotoxic T cells, indicating the involvement of cytotoxic 
cells and ylFN in the development of immunity to malaria 
sporozoites (page 668) . Likewise, Weiss et al describe 
immunization of mice with live sporozoites and the development of 
T cell-mediated irmiunitY (abstract, page 573 and tables 1-3) . 
Schofield, et al and Weiss et al differ from the claimed 
invention in not specifically describing antigenic compositions 
comprising QS-21 and 3D-MPL. However, the teachings of Kensil et 
al and Schneerson et al have already been described above. Thus 
it would have been prima facie obvious to one of ordinary skill 
in the art at the time the invention was made to include 3D-MPL 
and QS-21 in an antigenic composition of live or irradiated 
sporozoites. It would have been expected, barring evidence to 
the contrary, that the antigenic composition would generate 
enhanced cytolytic T cell responses and ylFN production which 
would result in enhanced immunity to malaria sporozoites. 

Applicant urges that Weiss states that CD8+ T cells are 

required for protection, immunization with irradiated sporozoites 
is irrpractical, Schofield et al as well as Weiss et al do not 
offer solutions to the problem of the need for y- interferon 
production and T cell mediated immunity and that neither of the 
references in combination with the secondary or tertiary 
references teaches or suggests the claimed invention. 

It is the examiner's position that Weiss et al establish the 
importance of T cell mediated immunity to parasitic infections 
such as malaria, the antigen employed was irradiated 
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sporozoites. It is stated that humans have been successfully 

immunized with irradiated sporozoites. It is also stated that 

the use of attenuated parasites is impractical. However, it 

should be noted that the claims are not limited to human malarial 

organisms or the use of the vaccine composition in humans. 

Schofield et al additionally establish the need for y -interferon, 

CD8+ T cells and antibodies in immunity to the antigen, malaria 

sporozoites. The combination therefore of irradiated malaria 

sporozoite antigen as disclosed by Weiss or Schofield with QS-21 

and MPL as disclosed by Kensil and Schneerson, respectively, 

would indeed have been obvious as has already been described 

above. It would have been expected, barring evidence to the 

contrary, that immune responses would have been generated with 

the addition of the mixture of adjuvants which would have 

resulted in at least two orders of magnitude higher than immune 

responses in the absence of adjuvants. 

26. The rejection of claims 1, 7 and 11 under 35 U.S.C. §103 

as being unpatentable over Cantrell, U.S. Pat. No. 4,877,611 in 

view of Kensil et al , U.S. Pat. No. 5,057,540 is maintained 

essentially for reasons set forth in paper no. 4, paragraph 24 of 

the previous office action. 

The rejection was on the grounds that Cantrell describes 
vaccines comprising adjuvants, such as MPL, together with tumor 
antigens. The MPL appears to be similar or an obvious or 
analogous variant of the claimed 3D-MPL (abstract and cols. 3-6) . 
It is stated that the vaccines are effective for the treatment 
and prevention of cancerous tumors (col. 2, lines 41-60) and can 
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be used to provide a protective and lasting tumor immunity 
(abstract, col. 10-15) . It is suggested that other adjuvants can 
also be employed with the immunogenic compositions (col. 5, 
lines 34-42) . Cantrell differs from the claimed invention in not 
specifically describing the use of QS-21 in the anti-tumor 
composition. However, the teachings of Kensil et al, have 
already been described above. Thus it would have been prima 
facie obvious to one or ordinary skill in the art at the time the 
invention was made to include QS-21 and MPL in an anti-tumor 
antigenic composition. It would have been expected, barring 
evidence to the contrary, that the amount of anti-tumor 
composition administered would be safe and effective and would 
enhance tumor immunity which would be protective and long 
lasting. 

Applicant urges that Cantrell does not teach 3D -MPL, the 
similarity of 3D-MPL to MPL is not relevant and cites In re 
Qc hifli in support, the reference only teaches MPL in combination 
with a bacterial immunostimulant and there is no suggestion to 
combine it with a willow bark extract. 

It is the examinees position that as has already been 
pointed, that applicant appears to argue the references 
individually, as if each were presented in support of a rejection 
under 35 U.S.C. §102. It must be remembered that the references 
are relied upon in combination and are not meant to be considered 
separately as in a vacuum. It is the combination of all of the 
cited and relied upon references which make up the state of the 
art with regard to the claimed invention. Applicant ■ s claimed 
invention fails to patentably distinguish over the state of the 
art represented by the cited references. In re Young, 403 
F,2fl 754, 159 USPQ 725 (CCPA 1968)? In re Keller 642 F.2d 



413, 208 USPO 871 (CCPA 1981). Moreover, specific statements in 
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the references themselves which would spell out the claimed 

invention are not necessary to show obviousness since questions 

of obviousness involves not only what references expressly teach, 

but what they would collectively suggest to one of ordinary skill 

in the art. See CTS Corp. v. Electro Materials Corp. of America 

(DC SNY) 202 USPQ 22; and In re Burckel (CCPA 201 USPQ 67) . 

Cantrell describes vaccine conpositions comprising adjuvants such 

as MPL, which appears to be an obvious or analogous variant of 

the claimed 3D-MPL, together with tumor antigens. It is stated 

that the vaccines are effective for the treatment and prevention 

of cancerous tumors. There is nothing on record to show that the 

MPL adjuvant of Cantrell would not function similarly to the 

claimed 3D-MPL adjuvant. Additionally, Cantrell suggests that 

other adjuvants can also be employed with the immunogenic 

conpositions. Thus it would appear that the combination of tumor 

antigen + MPL as suggested by Cantrell with the QS-21 of Kensil 

would indeed enhance the immune response and it would have been 

expected, barring evidence to the contrary, that the immune 

response would be enhanced at least two orders of magnitude 

higher than the composition without adjuvant. 

27. THIS ACTION IS MADE FINAL. Applicant is reminded of the 

extension of time policy as set forth in 37 C.F.R. § 1.136(a) . 

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL 
ACTION IS SET TO EXPIRE THREE MONTHS FRCM THE DATE OF THIS 
ACTION . IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS 
OF THE MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION 
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IS NOT MAILED UNTIL AFTER THE END OF THE THREE - MONTH SHORTENED 
STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE 
ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE 
PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE 
MAILING DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE 
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM 
THE DATE OF THIS FINAL ACTION. 

28. Papers related to this application may be submitted to 
Group 180 by facsimile transmission. Papers should be faxed to 
Lynette F. Smith, Art Unit 1813 and should be marked "OFFICIAL" 
for entry into prosecution history or "DRAFT" for consideration 
by the examiner without entry. The Art Unit 1813 FAX telephone 
number is (703) -305-7939 . FAX machines will be available to 
receive transmissions 24 hours a day. In conrpliance with 1096 

OG 30, the filing date accorded to each OFFICIAL fax transmission 
will be determined by the FAX machine's stamped date found on the 
last page of the transmission, unless that date is a Saturday, 
Sunday or Federal Holiday with the District of Columbia, in which 
case the OFFICIAL date of receipt will be the next business day. 

29. Any inquiry concerning this communication or earlier 
communications from the examiner should be directed to Lynette F. 
Smith whose telephone number is (703) 308-3909. 

Any inquiry of a general nature or relating to the status of 
this application should be directed to the Group receptionist 
whose telephone number is (703) 308-0196. 

Should the examiner be unavailable, Supervisory Patent 
Examiner Christine M. Nucker, may be reached at (703) 308-4028. 
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N»-F.crinN and Immunity. Feb. |vxj n ?M-7w 
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Glycoprotein D Protects Mice Against Lethal Challenge with Herpes 
Simplex Virus Types 1 and 2 

DEBORAH LONG.' *' THOMAS ). MADA w a ■ vukimh ^r-- . - 

' PAUL C. 



Received It) /one Ivx.VAccenitd :7 SepiemNrr |vm 
type I or lypc " Al or vlnul v ,H n "f ,h ^""S^ *"h •> 'cihal dose of hcrpci simple vims, cither 



Herpes simplex viruses (HSV) are the causative agents of 
a number of humnn diseases, including cold sores, encepha- 
litis, and eye and genital infections (|4|. The herpes simplex 
virion envelope and the plasma mcmhrane of HNV-infectcd 
. ^ 0 "Ji l,n « «"cs of glycoproteins designated pli. pC. gD 
and gE (2*1 all of which appear lo he involved in ihc immune 
response (15. 27). An additional glycoprotein. gA. is proha- 
hly a modified form of gB (7). Our laboratory has focused 
much of in effort on studies of gD. Recently. w C described a 
Mmplc method for purifying gD f9l. and w C therefore consid- 
cred the possibility of testing its protective capacity in a 
mouse model system. A number of studies have shown thai 
gO is a reasonable choice for such a study. gD is a type- 
common component whose polypeptide and carbohydrate 
stnjcturc appears to be the same in different strains of HSV 

yP , C - l S H u, U ' Cohcn and *<""crg. unpublished data) 
and is highly conserved between HSV. I and HSV-2 ,h, lKi 
Purified gD stimulates high liters of complcmcnt-indcncn; 
ocnt. typc-common virus-ncutralizing antibodies in animal 
syMems (4. 5, 9. 19). In addition. gD and other HSV 
glycoproteins participate in antibody-dcpcndcni comple- 
ment. me dm ted f I . m rtn j antibody-dependent ccll-mcdiaicd 
H. 11. -2) cytotoxic reactions. P,-,„iv C immum>„iion wi,h 
nionoclonnl anybodies directed against gD as well as other 
HSV glycoprotc.ns is highly effective in protecting mice 
against challenge by a lethal dose of HSV (|(|. I A. 22> These 
studies document the involvement of gD in ihc immune 
response to HSV and suggest thai gD is an important 
candidate for a potential sununit vaccine. Live virus killed 
virus, and subumt vaccines consisting of a mixture of HSV 
g^coprotcins have been shown in protection studies to be 
IrTu™ !V\ 20 * 23 ' 28K M ° rC «JI. purified 

!Ir ii \ , I bccn * hown 10 P ro,cc( m «« against a 
challenge by a lethal dose of HSV-l but not against HSV. 2 
The prcscni study evaluates the capacity of purified gD-l 
and gD-2 to protect mice against lethal HSV challenge by the 
homologous and heterologous virus types. 

(A P^/' 0 " of ,hi * w ork w ^ presented by T. J. Madara in 
partial fulf.llmcni of the requirements for an M.S. degree nl 
the University or Pennsylvania. Philadelphia. 19X|.) 

The intraperitoneal rouic in mice was chosen for both 
immunization and lethal virus challenge (sec T;.blc I. foot- 

* Corresponding author. 



note a. for details). Animals were immunized with affinity, 
purified gD (9) sus,<nded in complete Frcund adjuvant 
l u C th,S rou| c-and-adjuvam protocol produced 
the highest titers of virus-ncutrali/.ing antibody. J.i a prelimi- 
nary experiment designed to determine the dose of gD 
needed to stimulate production of neutralizing antibody 
groups of mice were given five injections of gD-l ranging 
from 0,005 to 2 u-g per injection. At a dose of 0.05 ng per 
injection, two of four mice (50%) responded by producing 
K ,n, ^ n . C ^'' Z ,' nR anlibodv *P«cific for gD (9). On the other 
nand. 100% of mice receiving doses ranging from 0.5 to 2 0 
*g per injection responded by producing gD-spccific neutral- 
iz»ng antibody. Based on these data, a regimen of six 
injections with a total of A n g of gD-l or gD-2 over the course 
of immunization was chosen for subsequent challenge ex- 
periments. ' 6 

In the first challenge experiment, mice were immunized 
with gD- 1 purified from KB cells infected with strain HF of 
r ueM < WCrC chaI,cn ? cd cither the Patton strain 
of HSV-I or the IRA sirain of HSV-2. In this and the 
subsequent challenge experiment, scrum samples were oh- 
tamed before virus challenge lo he assayed for virus-ne-jtrol- 
t/.ng antibody by the 50% p| aquc reduction method (4. 5. 9) 
and to he assayed for gD specificity by radioimmune precipi- 
lafion followed by sodium dodccyl sulfale-nolyacrylamidc 
gel electrophoresis (SDS-PAGF.) (4. 5. 9). Neutralization 
titers of the immunized mice to be challenged ranged from 
lo 1:128 against HSV-I (the homologous virus) and from 
1:16 lo 1:128 against HSV-2 (the heterologous virus). All of 
the immunized mice in this experiment displayed gD-1- 
specfic antibody (data no) shown). The sera of mice sham 
immunized with CFA or with saline showed ncilhcr neutral- 
i/ing antibody nor immunoprecipitaling activity with gD-l. 

The immunized mice were arranged into two challenge 
groups, each of which represented the range of neutralize- 
(ion (tiers against HSV-I and HSV-2. Table 1 illustralcs (he 
capacity of purified native gD-I (9) to protect mice against 
lethal challenge with HSV-1 or HSV-2. All oflhc immunized 
mice survived the challenge with cither HSV-1 or HSV-** 
No survivors remained in the mice sham immunized with 
saline. However, there were some survivors (18 to JVt;) 
among the CFA-immuni/cd mice. These results indicate that 
gO-1 w;n effective m protecting mice, including those ani- 
mals w.th low neutralization titers {),\h. against 
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or ni"^n^r7 cnK ' mice wcrc "™<-"^ w„h « , (tlll i „r ^ 

^n«, in ^"T' <" e "'r' y '^»"l '« Wcl.l :«.,;.„!> £ 

NaO ««c »tam immuni/cJ »ilh CCA «».!« \) 

loied Tor vinis-nculml / ma iiniilsodics (4 < gt i- *""" ,es Wt ' c 
wmilar procedure, were followed l«« n . , "P«"»c"l 
«ch immunization F rou * r7lSTe n I wm , « m [** ^ 
Fir I for i>a<"V i • P**'icU wore iissny tsce IcecnU to 

obtained from surviving < e ! ,,, " e ""\ samples were 

Ctewl""' chained i„„:,pcri„.„ c:ill) : „;,-„ j (sv „ 

One ..nim;.! died on d ; ,y | ilf(cr cn:i |, tfn( . c> 



I^lli l, Immi'n. 

ri^'v " , m ." ,C scruni N:,ni P'^ «",n prewired (rum HSV.| - or 
H.SV... in | cctc j CC , K (h;t| wcfc u . ilh |' M , nmc (f . 

m,n * h PoMinlcctiim. VV C had pr-vioiisly vhown ih:.| 
under these conditions, ihe precursor forms of el) fp»:IM 
and Pp )..) ;,s well as other viral plycoprotems were exlen. 
Mvcly ahe.cd ,4. K. ,, inc , , ; , nU , „ r ^ , ^. n| 
control 'nimunoprcopitations of IISV. |. ; , m l HSV.-.jnfccl- 
eu cell extracts, respectively, made hy ll% j„ t ; , P rjvi.„,s| v 
prepared monogenic ann-elM serum (4. I.anes \ anil 4 
represent tmmunnprecipitafions of f f N V- 1 - and II S V "> m 
reeled cell extracts carried out *..h a pooled serum vmmlj 
taicvn from mice immuni/ed u.tli |. ;incv s - im , 

represent a srm.lar imniunt.preciptiation earned out w,th , 
pooled sen.m sample oh, : ,jned fn.m mice immunized with 
hv »««!I nC% "I . K rcnrcvcn ' ifl »mii.i»prceipii;iiioiu made 
imm?.l? I 1 ' P,M ^ M?n,m s; ' mr,c ,,h,:,incd ff « ,m -h;,m. 
wTh Tl n r e .iA htf fVM,,K 1 ^^ th: *« — ^ immunized 

: Z ^»*\r ^ NC ; ,:,,: ' : i con ' ifni ,hc ^ ,r "> <^ ihJVim 

; ™«. Th P;,n ^ " fl,r imm »"i'»ti..n and further 
Jloutmen. the cross-reacv.tv of K |).| iHU , ,.„.; ;in()hllJic , 

Table I shows ,h ;i) none of the sham-imm.mizcd animals 
n c pe rtmcnl , aJ (hc c||;| |(( ^ 

: ."»nuk ,n,m.„„/cU u,th ^|). : ;im , , ivtf ((u( . ^ anit it its 

shiMilU he noted that this one ;,nimal died w„hin | d^ftj 

< » K d,.>s alter challenge. It is ihus possible that the t.ne 
dc,.h amy pD-immun./ed animaK u'as due .0 re as ns no 

rcM,l,s of the second experiment show that huth clyct.pro- 

ih . lV S,m, ! i,r ^P^'mems u,th aninity.purif.ed cf>.| t s 

l-.mmun./cd m.ee survived an HSVO ehallcnpe. where'.s 



challenpe hy either the h«m*»lu P o« % or heterologous vin.s I, 
s ould also he m „cd thai .he homologous vir , lt se fj 

*^ p dr^ 

immunised w ilh , up ^ J c 

obtained at the end or the immunization course P o 0 ed md 
:.-;.ycd for ncu.ralizin,; antibody and M T 

neutralization titers ranged from 1:12k ,0 M N^.f 

in He R ? The'!"? 0f ' hC ri, ° ,C , d i,n ' isCr;i * s ^'-onstra.ed 
"P. I. Ihe cell extract t.sed to assess the antibodies 
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cnn..„n es.Mel from MNV.|. m rev.ed celts' t nes " 4 i, m " 
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none of 10 sham*immuni/:cd mice 
personal communication I, 

Twy months ;tfi C r the challenge, scrum samples were 
obtained from (he survivinp pD-I- and pDO-immuni/ed 
;m.mals in experiment 2. Samples from each group were 
pooled and rclcstcd hy immunoprccipilaiion and SDS-PAGC 
'Fig, 2). The serum samples continued to exhibit j major 
response to gD (compare Tip. I and 2) hut also displayed an 
increased heterogeneity, in that antibodies to other viral 
components, including viral Glycoproteins. w C rc present 
after challenge. This heterogeneity might simply he a re- 
sponsc to the infecting dose of virus, or it might he a 
response to vims which replicated ;iftcr infection. Further 
experiments should he done to clarify this point. 

The current investigations show that active immunization 
with gO purified from HSV.|- or H.SV.:.infccicd cclK 
confers protection against lethal challenge with both ho- 
rnologous and heterologous virus types. Moreover, the pro. 
tcctive effect is correlated with the presence of pD-snccific 
:ini.nodics. Recovery from HSV infections appears to in- 
yolvc both humoral and ccll-mediaied immunity 12. 10. 
17. -I. 24. 2 ( )}. ft was recently shown that gC of HSV.| 
induces typc.spcciftc protective immunity in the absence of 
detectable antibodies t2M However, studies showing con- 
ferral of protection after the passive transfer of monoclonal 
iinii. K D antibodies II. ft. 10. 22) are entirely consistent with 
the premise thai antibodies to pi) can exert a sipniheant 
Protective effect. Regardless of the immune mechanism 

nurK-n'- " ' S Clc:,f rr ° m ,hc prcscnl ^^stigation that 
purified gD is an important candidate for a subunil vaccine 
potentially elective against herpetic infections. It remains to 
be seen whether such a subunit vaccine will protect against 
establishment of latency or recurrent infection. 
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FIG. :. .SDS-I'ACM analysis of pooled scrum samples taken 
rntm immunized mice (Table I. experiment :i ; months ;.fier 
challenge wtih l|,SV.; strain The c*t« P b,m.c e struts ;.re the 

mTJ T- '?" NC ^ hown io ,,ift ' L '- mc * 1 :,mJ c,,n,: " n sMtmci fmrn 
I IN V. J. infected celts; l ; ,nes : and 4 c „ni;nn cstruet from IISV.". 
infected cells. |. : ,nes I ami IWcd serum from animals immunized 
with pIM: lanes } i.nd pooled scrum from animals immuni/cd 

*nh ci):. 
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Figure 2 
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Figure 4A 
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Figure 6 
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Figure 9 
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Figure 10 
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SAPONIN ADJUVANT 

CROSS REFERENCE TO RELATED 

APPLICATIONS 5 

This application is a continuation of application Scr. 
No. 07/200.754, filed 05/31/88 which is a continuation- 
in-part of U.S. patent application Scr. No. 055,229 filed 
May 29, 1987 and having the title "Saponin Adjuvant'* 
both now abandoned. '0 

This application is also related to U.S. patent applica- 
tion Ser. No. 55.298, which is a continuation-in-part of 
U.S. patent application Ser. No. 868.585, entitled 
"Method of Preparation and Use For Feline Leukemia 
Virus Antigens." in the names of Bcltz ct ai. 13 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the field of immune 
adjuvants, the process for production thereof, and the 20 
use thereof as immune adjuvants and vaccines. 

2. Brief Description of the Background Art 
Quillaja saponins are a mixture of triterpene glyco- 
sides extracted from the bark of the tree Quillaja sapona- 
ria. Crude saponins have been extensively employed as 25 
adjuvants in vaccines against foot and mouth disease, 
and in amplifying the protective immunity conferred by 
experimental vaccines against protozoal parasites such 
as Trypanosoma cruii plasmodium and also the humoral 
response to sheep red blood cells (SRBC). (Bomford, 30 
Int. Arch. Allerg. appl. Immun.. 67:127 (1982)). 

Saponins are natural products which have been char- 
acterized by a number of common properties. The abil- 
ity to produce foam in aqueous solution gave the name 
to the group. Fun her characteristics are the hemolytic 35 
activity, the toxicity for fish, the complcxing with cho- 
lesterol, and in some cases antibiotic activity. Kofler, 
Die Saponin* (Springer Berlag), Berlin, 1927; Tschesche 
ct aj., Chcmine und Biologic der Saponins Fortscher. 
Chem. Oro. NatursL XXX:46! (1972). 40 

The common properties of saponins are not reflected 
in a common chemical composition. Although all sapo- 
nins are glycosides, the aglycone may belong to the 
steroids, the tri terpenoids, or the stcroidalcaloids. The 



while (he saponin Quil A of Dalsgaard presents a defi- 
nite improvement over the previously available com- 
mercial saponins, it also shows considerable heteroge- 
neity. 

Higuchi el ai.. Phyiochtmistry 26:229 (January. 1987) 
treated a crude Quillaja saponin mixture with alkaline 
hydrolysis in 6% NHiHCOj in 50% methanol and gen- 
erated two major desacyl saponins, termed DS-I and 
DS-2. DS-1 was shown to contain glucuronic acid, 
galactose, xylose, fucosc. rhamnose, apiosc. and Quil- 
lajic acid, whereas DS-2 contained these same compo- 
nents plus an additional glucose. Byproducts of this 
deacylntton produced multiple components including 
3.5-dihydroxy-6-methyloctanoic acid, 3,5*dihydroxy-6- 
methyloctanic acid. 5-a-L-arabinofuranoside and 5-0- 
a-L*rhamnopyranosyl-(l->2)-a-L-arabinofuranosidc 
(Higuchi et ai., Phytochtmistry 26:2357 (August. 1987). 

BRIEF DESCRIPTION OF THE FIGURES 
FIG. I shows the refractive index profile of dialyzcd. 
mcthanol-solubilizcd Quillaja bark extract on reverse 
phase-HPLC 

FIG. 2 shows that the refractive index peaks of the 
above sample correspond to carbohydrate peaks. 

FIG. 3 shows the comparison of Superfos "Quil-A" 
and diajyzed methanol soluble bark extract by HPLC. 

FIG. 4 shows the purification of QA-7, QA-17, Qa- 
18. QA-19, and QA-21 from "Quil-A." a rude saponin 
mixture, by silica chromatography (4A) and subsequent 
reverse phase chromatography (4B, 4C, 4D). 

FIG. 5 demonstrates the purity of QA-7, QA-17, 
QA-18, and QA-21 by reverse phase (5 A) and normal 
phase (JB) thin layer chromatography. 

FIG. 6A shows the UV spectrum of QA-7. FIG. 6B 
shows the UV spectrum of QA-17. FIG. 6C shows the 
UV spectrum of QA-t8. FIG. <D shows the UV spec- 
trum of QA-21. 

FIO. 7A shows 'H Nuclear Magnetic Resonance 
("NMR") of QA-7. FIG. 7B shows *H NMR of QA-18. 
FIG. 7C shows *H NMR of QA-21. 

FIG. 8 A shows the mass spectroscopy* fast atom 
bombardment ("MS-FAB") spectrum of QA-7. FIG. 
8B shows the MS-FAB spectrum of QA-17, FIG. 8C 



number of sugar and sugar chains attached to the glyco- 45 shows the MS-FAB spectrum of QA-21. 



sidic bonds may vary greatly. Saponins have been pro- 
duced commercially and have many uses. The commer- 
cially available Quillaja saponins are crude mixtures 
which, because of their variability, arc not desirable for 
use in veterinary practice or in pharmaceutical compo- 50 
sitions for man. Because of the variability and heteroge- 
neity, each batch must be tested in animal experiments 
to determine adjuvant activity and toxicity. The impuri- 
ties in the commercially available products may pro- 
duce adverse reactions. In addition, the content of the 53 
active substance in a given batch of saponin may vary, 
thereby decreasing the reproducibility from batch to 
batch. 

An early attempt to purify Quillaja saponin adjuvants 
was made by Dalsgaard, Archiv fuer die gesamte Virus- 60 
forschung 44:243 (1974). Dalsgaard partially purified an 
aqueous extract of the saponin adjuvant material from 
Quillaja saponan'a Molina. Dalsgaard's preparation, 



FIG. 9 shows the elution profile of pure QA-18 mi- 
celles and pure QA-21 micelles by gel filtration on Bio- 
Gel P-200 in PBS equilibrated with the critical miccilar 
concentration of the same saponin and a comparison 
with the elution position of standard proteins. 

FIG. 10 shows the hemolysis of sheep red blood cells 
by QA-7. QA-8, QA-17, QA-18, QA-21. and Superfos 
"Quil-A." 

FIG. 11 shows the typical endpoint titers for immuni- 
zation with BSA antigen in the presence of HPLC-puri- 
fied fractions of bark extract. Absorbance due to anti- 
gen-specific antibody binding was plotted as a function 
of the logarithm of the sera dilution. 

FIG. 12 demonstrates the comparison of the adjuvant 
effects of QA-7, QA-17. QA-18 and QA-21 at various 
antigen concentrations and with Freund's complete 
adjuvant on immunization with the antigen BSA. 

FIO. 13 shows the adjuvant effects of HPLC-purificd 
adjuvants used in conjunction with Al(OH)), another 



commercially available from Superfos under the name 

"QuiI-A, M has been isolated from the bark of the South 65 adjuvant, on the immunization with the antigen gp70R 

American tree, Quillaja saponaria Molina, and is charac- delta. 

terized chemically as a carbohydrate moiety in glyco- FIG. 14 summarizes the effects of HPLC-purificd 

sidic linkage to the tritcrpenoid quillaic acid. However, Quillaja saponins aJonc and in combination with each 
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other and with another adjuvant on the immunization munogenic when administered alone or are ioaic to the 

with the antigen alkylated gp70R-deita. individual at concentrations which evoke immune re- 

FIG. 15 shows a comparison of the adjuvant effects sponses in said individual. An immune adjuvant may 

of QA-18. QA-I8H. QA-21, and QA-21H on immuniza- enhance the immune response of the individual to the 

tion with the antigen BSA. 3 antigen by making the antigen more strongly immuno- 

SUMMARY OF THE INVENTION SCn ' C ' Thc ad J uvanl cfTcct m3V also Iowcr tnc d <>se of 

said antigen necessary to achieve an immune response in 

A need exists for a substantially pure saponin that can said individual, 

be used as an adjuvant in relatively low quantities with The adjuvant activity of the saponins may be dctcr- 
low toxicity and side effects. Accordingly, thc present 10 mined by any of a number of methods known to those of 

invention provides substantially pure saponin adjuvants, ordinary skill in the an. Thc increase in titer of antibody 

the method for the purification (hereof and a method ngoinst specific antigen upon administration of an adju- 

for the use of the substantially pure saponins as immune vant may be used as a criteria for adjuvant activity 

adjuvants. The invention further includes immune re- (Dalsgaard, K. (1978) Acta Vetcrinia Scandinavica 69, 
sponsc-provoking compositions comprising the saponin 15 1-40. Scott. M. T. ( Gross-Samson. M.. and Bomford, R. 

adjuvants in combination with an antigen component. (1985) Int. Archs. Allergy AppL Immun. 77, 409-412). 

Adjuvant saponins have been identified and purified Briefly, one such test involves injecting CD-t mice 
from an aqueous extract of thc bark of thc South Amcri- intradcrmally with an antigen (for instance, i.e.. bovine 
can tree, Quillaja soponaria Molina. At least 22 peaks scrum albumin, BSA) mixed with varying amounts of 
with saponin activity were separable. The predominant 20 thc potential adjuvant. Sera was harvested from the 
purified Quillaja saponins have been identified as QA-7, mice two weeks later and tested by ELISA for ami- 
QA-17. QA-18. and QA-21. These saponins have been BSA antibody. A comparison of thc adjuvant clTccts of 
purified by high pressure liquid chromatography thc dialyzed. mcthanolsolublc bark extract and "Qui! 
(HPLC) and low pressure silica chromatography. A" showed that antibody titers were two orders of 
These four saponins have adjuvant efTect in mice. QA-7, 25 magnitude greater when thc antigen BSA was adminis- 
QA-17, QA-18, and QA-21, purified from Supcrfos tered in the presence of the saponin preparations than 
"Quil-A." a crude Quillaja saponin preparation, are less when BSA was administered in PBS alone. Thc bark 
toxic in mice than "Quil-A"; QA-17 and QA-18 are less extract possessed good adjuvant activity when adminis- 
toxic in cats than "Quil-A" (QA-7, QA-21 were not tered at an adjuvant dose of 12 jig carbohydrate (as- 
tested). In addition, a toxic component of Supcrfos 30 sayed by anthrone) or more. The adjuvant response to 
"Quil-A" has been identified as QA-19; this component "Quil-A" was lower than for the bark extract but was 
is toxic in mice at lower doses than "Quil-A" or QA-7, evident at doses ranging from 9-23 fig carbohydrate. 
QA-17, QA-18, and QA-21. The increased toxicity of Carbohydrate weight (determined by assay with an- 
QA-19 compared to QA-7, QA-17, QA-18, and QA-21 throne using glucose as a standard) is approximately 
is unexpected in that this component is a saponin, has a 35 30% of the dry weight of these crude adjuvant extracts, 
similar carbohydrate composition, exhibits adjuvant The terra "substantially pure* means substantially 
activity in mice at doses lower than the toxic dose, and free from compounds normally associated with the 
exhibits similar chromatographic behavior. All of the saponin in its natural stale and exhibiting constant and 
above saponins may be isolated from aqueous extracts reproducible chromatographic response, elution pro- 
of Quillaja saponaria Molina bark. The substantially 40 files, and biologic activity. The term "substantially 
pure saponins of the present invention are useful as pure" is not meant to exclude artificial or synthetic 
immune adjuvants and enhance immune responses in mixtures of the saponin with other compounds, 
individuals at a much lower concentration than thc Preferably, the substantially pure saponin is purified 
previously available heterogeneous saponin prepara- to one or more of the following standards: I) appearing 
tions without the toxic effects associated with crude 45 as only one major carbohydrate staining band on silica 
saponin preparations. gel TLC (EM Science HPTLC Si60) in a solvent sys- 

DESCRIPTION OF THE PREFERRED lCm ^1?^ aC , eti f ? C * in chIoro f°™/™thanol/wa- 

EMBODIMENTS tCf ' 50/45/I0 ' v / v / v ). 2) appearing as only one major 

carbohydrate staining band on reverse phase TLC (EM 

The saponins of the present invention may be ob- 50 Science Silica Gel RP-8) in a solvent system of me- 

lained from the tree Quillaja saponaria Molina. thanol/water (70/30, v/v), 3) appearing as only one 

The term "saponin" as used herein includes glyco- major peak upon reverse-phase HPLC on Vydac C4 (5 

sidic triterpenoid compounds which produce foam in u.m panicle size. 330 A pore, 4.6 mm IDx23 cm L) in 

aqueous solution, have hemolytic activity in most cases, 40 mM acetic acid in methanol/water (58/42. v/v). 

and possess immune adjuvant activity. The invention 55 In the preferred embodiment, the saponin adjuvants 

encompasses the saponin per se, as well as natural and of thc present invention are purified from Quillaja sapo- 

pharmaceutically acceptable salts and pharmaceutical I y nana Molina bark. Aqueous extracts of the Quillaja 

acceptable derivatives. The term "saponin" also encom- saponaria Molina bark were dialyzed against water. The 

passes biologically active fragments thereof. dialyzed extract was lyophilized to dryness, extracted 

The invention also concerns compositions, such as 60 with methanol and the melhanol-soluble extract was 

immunologic compositions, comprising one or more further fractionated on silica gel chromatography and 

substantially pure saponin fractions, and methods of by reverse phase high pressure liquid chromatography 

using these compositions as immune adjuvants. (RP-HPLC). The individual saponins were separated 

The term "immune adjuvant," as used herein, refers by reverse phase HPLC as described in Example I. At 

to compounds which, when administered to an individ- 65 least 22 peaks (denominated QA-I to QA-22) were sepa- 

ual or tested in vitro, increase the immune response to rablc. Each peak corresponded to a carbohydrate peak 

an antigen in the individual or test system to which said as demonstrated in FIG. 2 and exhibited only a single 

antigen is administered. Some antigens are weakly im- band on reverse phase thin layer chromatography. The 
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individual components were identified by retention time rate of I ml/min, eluting with 52-53% methanol from a 
on a Vydac C4 HPLC column as follows: Vydac C* column having 5 u.m particle size. 330 A 

pore, 10 mM ID X 25 cm L in a solvent of 40 mM acetic 
acid with gradient elution from 50 to 80% methanol, 
5 having a critical micellar concentration of approxi- 
mately 0.06% in water and 0.07% in phosphate buffered 
saline, causing no detectable hemolysis of sheep red 
blood cells at concentrations of 200 u,g/ml or less, and 
containing the monosaccharide residues terminal rharn- 
( 0 nose, terminal xylose, terminal glucose, terminal galac- 
tose. 3-xylosc. 3.4-rhamnose, 2.3-fucosc. and 2.3-glucu- 
ronic acid, and apiose (linkage not determined). 

The substantially pure QA-l 7 saponin is character- 
ized as having adjuvant activity, containing about 29% 
13 carbohydrate (as assayed by anthrone) per dry weight, 
having a UV absorption maxima of 205-210 nm. a reten- 
tion time of approximately 35 minutes on RP-HPLC on 
a Vydac O column having 5 u.m particle size. 330 A 
pore, 4.6 mm ID X 25 cm L in a solvent of 40 mM acetic 
acid in melhanol-water (58/42; v/v) at a flow rate of I 
ml/min, eluting with 63-64% methanol from a Vydac 
C4 column having 5 u,m particle size. 330 A pore, 10 mm 
IDX25 cm L in a solvent of 40 mM acetic acid with 
Immune adjuvant activity was tested by measuring the 2 j 8 radicnt elution from 50 to 80% methanol, having a 
ability of the purified saponins to enhance the immune critical micellar concentration of 0.06% (w/v) in water 
response in mice to exogenously administered antigens. 0.03% (w/v) in phosphate buffered saline, causing 

The purified saponins of the present invention demon- hemolysis of sheep red blood cells at 25 u.g/ml or 
strated adjuvant effects at lower doses than the crude greater, and containing the monosaccharide residues 
extracts. Particularly, the predominant saponins in bark j Q terminal rhamnose, terminal xylose, 2-fucose, 3-xylosc. 
extract (QA-7, QA-17, QA-l 8, and QA-2!) demon- 3,4-rhamnose, 2,3-glucuronic acid, terminal glucose, 
strated adjuvant activity at doses of 4.5 u,g carbohy- 2-arabinose, terminal galactose and apiose (linkage not 
rfrqfr nr u< (»«nyrH hy wnihmnr) The purific3 sapo~-~*** determined). 

nins were further characterized by carbohydrate con- The substantially pure QA-l 8 saponin is character- 

tent, reverse phase and normal phase TLC. UV, infra J3 ized as having immune adjuvant activity, containing 
red. KMR spectra, and fast atom bombardment— mass about 25-26% carbohydrate (as assayed, by anthrone) 
spectroscopy. per dry weight, having a UV absorption maxima of 

The approximate extinction coefficient determined 205-210 nm, a retention time of approximately 38 min- 
for 1% (w/v) solutions in methanol at 205 nm of several ute i on RP-HPLC on a Vydac Ct column having 5 u.m 
of the more preferred purified saponins arc as follows: ^ panicle size, 330 A pore, 4.6 mm IDX25 cm L in a 

solvent of 40 mM acetic acid in methanol/water (58/42: 
v/v) at a flow rate of 1 ml/min, eluting with 64-65% 
methanol from a Vydac C4 column having 5 u,m pani- 
cle size, 330 A pore. 10 mm ID X 25 cm L in a solvent of 
45 40 mM acetic acid with gradient elution from 50 to 80% 
methanol, having a critical micellar concentration of 
0.04% (w/v) in water and 0.02% (w/v) in phosphate 
Carbohydrate content was used to quantitatc the buffered saline, causing hemolysis of sheep red blood 
saponins in some instances The carbohydrate assay was ccI!s ttt concentrations of 25 |ig/mJ or greater, and con- 
the anthrone method of Scott and Melvin {AnaL Chem. 50 fining the monosaccharides terminal rhamnose. termi- 
25:1656 (1953)) using glucose as a standard as described nal arabinosc, terminal apiose, terminal xylose, terminal 
in Example 1, This assay was used to determine a ratio glucose, terminal galactose. 2-fucose. 3-xylosc, 3.4- 
of extent of anthrone reaction (expressed in glucose rhamnose, and 2,3-glucuronic acid, 
equivalents) per mg of purified saponin (dry weight) so Tbc .substantially pure QA-21 saponin is character- 

that dry weight of a particular preparation could be 55 ized as having immune adjuvant activity, containing 
estimated by use of anthrone assay. It must be noted that about 22% carbohydrate (as assayed by anthrone) per 
differences in reactivity with anthrone for different dry weight, having a UV absorption maxima of 205-210 
saponins may be due to carbohydrate composition nm. a retention time of approximately 51 minutes on 
rather than quantity as different monosaccharides react RP-HPLC on a Vydac C* column having 5 ptm particle 
variably in this assay. 60 size, 330 A pore, 4.6 mm ID X 25 cm L in a solvent of 40 

The substantially pure QA-7 saponin is characterized mM acetic acid in methanol/water (58/42; v/v) at a 
as having immune adjuvant activity, containing about flow rate of 1 ml/min, eluting with 69 to 70% methanol 
35% carbohydrate (as assayed by anthrone) per dry from a Vydac C* column having 5 u,m particle size. 330 
weight, having a uv absorption maxima of 205-210 nm, A pore, 10 mmXlD 25 cm L in a solvent of 40 mM 
a retention time of approximately 9-10 minutes on RP- 65 acetic acid with gradient elution from 50 to 80% metha- 
HPLC on a Vydac C* column having 5 fim particle size, no!, with a critical micellar concentration of about 
330 A pore, 4.6 mm IDx25 cm L in a solvent of 40 mM 0.03% (w/v) in water and 0.02% (w/v) in phosphate 
acetic acid in methanol/water (58/42; v/v) at a flow buffered saline, causing hemolysis of sheep red blood 
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cells at concentrations of 25 M g/ml or greater, and con- be dependent upon the age. weight, kind of concurrent 

taming the monosaccharides terminal rhamnose. tcrmi- treatment, if any. and nature of the antigen adminis- 

nal arabinose, terminal apiose. terminal xylose. 4-rham- tcred. The effective compound useful in the method of 

nose terminal glucose, termmal galactose. 2-fucose. the present invention may be employed in such forms as 

3-xylose. 3.4-rhamnose. and 2.3-glucuron.c acid. 5 capsules, liquid solutions, suspensions or elixirs for oral 

The term 'individual" means any animal which can administration, or sterile liquid forms such as solutions 

elicit an immune response, .ncluding humans. or suspensions. Any inert carrier is preferably used 

The purified saponins exhibit adjuvant effects when 3U ch as saline, or phosphalcbuffcred saline, or any such 

administered over a w,de range of dosages and a wide carrier in which the compounds used in the method of 

range of ratios to the antigen being administered. In one 10 the present invention have suitable solubility properties 

embodiment, the saponin is administered in a ratio of f 0 r use in the method of the present invention, 

adjuvant to antigen (w/w) of 3.0 or less, preferably 1.0 Having now generally described the invention, the 

° r -rt"' r i J ■ • ... 30mc mav bc former understood by reference to the 

The purified saponms may be administered I either following examples, which are not intended to be limit- 

individually or admixed with other substantially pure 15 i ng unless so expressly stated, 
adjuvants to achieve the enhancement of the immune 

response to an antigen. Among the adjuvant mixtures EXAMPLE I 

OA C |7 V nVlVTn a '.Tha 0 ! rC H r nI i0 , n fl QA nr, d Prclimi «^y- Preparation of Quillajc Saponaria Molina 
QA-17, QA-7 and QA-18, QA-17 and QA-18. or QA-7, Bafk Ejurac , 

QA-17, and QA-18 administered together. Purified.sap- 20 

onins may also be administered together with non-sapo- QutVaja saponaria Molina bark was stirred with an 

nin adjuvants. Such non-saponin adjuvants useful with excess of water (10% w/v) to extract the saponins. The 
the present invention are oil adjuvants (for example. aqueous extract was then filtered and stored in 0.1% 
Freund's 'Complete and Incomplete), liposomes, min- NaNj. 150 ml of this extract was centrifuged at 
eraJ salts (for example. AIK(S04h, AlNa(S0 4 )2, 25 2Q M°XZ f° r 30 minutes to remove residual bark frag- 
A1NH 4 (S04). silica, alum. AI(OH)j, C33(P04h, kaolin. ments. The supernatant, which was light brown, was 
and carbon), polynucleotides (for example, poly IC and lyophilized and redissolved in 16 ml of water and the 
poly AU acids), and certain natural substances (for P H wos adjusted to less than 4 with the addition of 160 
example, wax D from Mycobacterium tubcrcutosis. as M 1 °f IN acetic acid. T7m solution was placed in dialysis 
well as substances found in Corynebacterium parvum. 30 ^bing having a 12,000 MW cut off and dialyzed against 
Bordetella pertussis, and members of the genus Brucella). ' litcr °f wa *cr. The water was changed after 8 hours of 
The purified saponins of the present invention may be dialysis, and the dialysis was allowed to proceed over- 
utilized to enhance the immune response to any antigen. night. Samples of the dialysatc were removed after the 
Typical antigens suitable for the immune-response pro- ^ rst and «cond dialysis cycles. The diaJyzed extract 
voicing compositions of the present invention include 35 was lyophilized and extracted with 40 ml methanol at 
antigens derived from any of the following: viruses, ^0" C. for 15 minutes followed by centrifugation at 
such as influenza, rabies, measles, hepatitis B, hoof and I.OOOXg for 10 minutes to sediment the undissolved 
mouth disease, or HTLV-UI; bacteria, such as anthrax, material. This material was subjected to two additional 
diphtheria or tuberculosis; or protozoans, such as extractions with methanol. The methanol extracts were 
Babeosis bovis or Plasmodium. 40 pooled, evaporated on a rotoevaporator to dryness, 

A particular example is the use of the purified sapo- redissolved in 5.5 ml methanol, and filtered through a 
nins of the present invention to enhance the immune °- 2 M nylon 66 mesh to remove residual undissolved 
response to gp70 recombinant protein. One gp70 re- material. Fractions were analyzed by reverse phase 
combinant protein is an antigen which contains the thin-layer chromatography (RP-TLC) on C8 plates 
polypeptide portion of FcLV gp70 envelope protein. 45 (E.M. Science RP-TLC, C8) in a solvent system of 70% 
This recombinant antigen is termed "gp70R," "rec- methanol/30% water or by normal phase thin layer 
gp70" or "Rgp70.° Another antigen preparation which chromatography on silica gel 60 TLC plates in a solvent 
contains the polypeptide portion of FcLV gp70 to- system of n-butanol, cthanol. water, and ammonia 
gether with the 40 amino-terminal amino acids (termed (30/60/29/21. v/v/v/v). The carbohydrate bands were 
"Rgp70dclu M ) or with the entire amino acid sequence 50 visualized with Bial's reagent which detected all major 
(termed "Rgp90") of the p!5e envelope protein of bands detectable by sulfuric acid charring with an in-. 
FcLV subgroup A is produced using recombinant creased sensitivity over the sulfuric acid charring 
DNA techniques. These recombinant gp70-con tain ing method. The Bial's reagent carbohydrate stain was rou- 
polypeptides, gp70R, gp70R-delta, and gp90R. are tinely used as a detection reagent on TLC plates. All 
hereinafter referred to collectively as gp70-containing 55 major bands were glycosylated. 

protein. The terra gp70-containing protein is intended Dialysis removed a major carbohydrate-containing 

to include polypeptides having the same amino acid band (Rf=0.82 on EM Science RP TLC. C8 in re- 
sequence of the naturally occurring gp70-containing thanol/water (70/30, v/v)). as well as some minor com- 
protein, and analogs thereof. The term "analogs" is ponents. In addition, dialysis removed components with 
intended to include proteins or polypeptides which 60 strong absorption maxima at 280 and 310 nm. Approxi- 
difTcr from gp70, gp70-delta, or gp90 by addition, dele- mately 80% of the carbohydrate (assayed by anthronc) 
tion or substitution of one or more amino acids provid- was removed by dialysis, but about 95% of the hemo- 
ing that said polypeptide demonstrate substantially the lytic activity was retained during dialysis, 
biological activity of gp70 protein. Most saponin adjuvants are known to have detergent 

Administration of the compounds useful in the 65 properties, such as hemolysis of red blood cells, so the 
method of present invention may bc by parenteral, in- retention of hemolytic activity is a rough indication of 
travenous. intramuscular, subcutaneous, intranasal, or the retention of adjuvant saponins. Several bands were 
any other suitable means. The dosage administered may retained by dialysis, indicating their detergent nature. 
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Methanol solubilized all TLC bands present in the dia- 
lyzed extract except one TLC band (R F =0 on both 
reverse-phase and silica TLC plates). The methanol- 
insoluble material was reddish-brown. The material 
which was methanol-solubie appeared white after ly- 3 
ophilizaiion. 

Carbohydrate concentration was determined by the 
method of Scott and Melvin (Scott. T. A., and Mclvin, 
E. H. Anal. Chem. 25, 1656 (1953)). Briefly, an aqueous 
sample to be tested or glucose as a standard carbohy- iC 
drate solution (450 fxl) was mixed with 900 jil of 0.2% 
anthrone (w/v) in sulfuric acid and incubated for 16 min 
at 90*-lOO' C. The absorbance was read at 625 nm. 
Glucose was used as a standard. 

The hemolytic activity of the samples was deter- 13 
mined as follows: Briefly, samples were diluted in a 
round bottom microliter plate with 1:2 dilutions in 
phosphate buffered saline in successive rows (100 
/il/well). 10 u.1 normal rabbit blood in Alsevers solution 
(Hazelton) was added to each well and mixed. Plates 20 
were incubated for one hour at room temperature fol- 
lowed by centrifugalion of the plates in a Sorvall 
RT6000 to sediment unhemolyzed cells. Absence of 
hemolysis was determined by the presence of a pellet of 
unhemolyzed cells in the bottom of the well. 
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Supcrftn "Quil-A" (refractive inde*> 




r* of Total (octU 2-2H 




Dulyted, methanol- 


Superfo* 


HPLC Fraction wluble bark extract 


"Owl. V 


QA-18 


:i $ 


QA-19 2.2 


4 5 


QA-20 ).2 


2 i 


OA- 21 3.6 


\ 7 



EXAMPLE 2 
Comparison of Dialyzed, Methanol-Soluble Bark 



Extract and Superfos "Quil-A" by TLC and HPLC 

Superfos "Quil-A" and dialyzed. methanolsoluble 
components of bark extract prepared as in Example I 
were compared by reverse phase TLC as described in 
Example 1. All bands present in the bark extract after 

dialysis and solubilization with methanol were present 33 ^mWd at 214 nm. 
Quil-A. In addition. Qutl-A contained a band 



The individual peaks correspond to single thin-layer 
chromatography bands on reverse-phase TLC plates. 
Another representative experiment shown on FIG. 2 
demonstrates that the refractive index peaks also corre- 
spond to carbohydrate peaks, confirming that all major 
bark extract components arc glycosides (HPLC frac- 
tions assayed for carbohydrate by the anthrone assay). 

Dialyzed, methanol-solubie bark extract and "Quit- 
A" were compared directly in this HPLC system. The 
individual components were identified by retention 
time. All peaks present in dialyzed, methanol-solubie 
bark extract were also present in "Quil-A" in similar 
25 proportions with the exception of a higher proportion 
of component QA-8 and a lower proportion of compo- 
nent QA-17 in Superfos "Quil-A" compared to bark 
extract. FIG. 3 shows a comparison of dialyzed. mc- 
thanol-solublc bark extract and Jupcrfos "Quil-A" 
30 using a semipreparative Vydac C 4 (10 mm IDX25 cm 
L. 330 A pore size, 5 u.m panicle size). The sample is 
loaded in 50% methanol in 40 nM acetic acid and a 
methanol gradient in 40 mM acetic acid (shown in FIG. 
3) is used to elute the samples. The absorbance was 



with r/=»0 on reverse-phase TLC plates; this compo- 
nent was removed by methanol-solubilization as de- 
scribed above. The similarity in composition of dia- 



Various samples of Quillaja bark were extracted and 
analyzed by HPLC. There was some variability in the 
relative proportions of the peaks, but the same peaks 
were always present. It is not presently known whether 



lyzed. methanolsoluble bark extract and "Quil-A" was 40 ,h. *' i i, • pr«en»y tnown wnetner 

confirmed hv HPF P Th. JnHiviH„ n . ^ . „r 40 ' h J vanat >.l.ty proport.ons is due to vanab.hty ,n the 



confirmed by HPLC. The individual components of 
bark extract were separable by reverse -^phase HPLC on 
Vydac C4 (5 u.m particle size, 330 A pore. 4.6 mm 
IDX25 cm L) in 40 mM acetic acid in mcthanol/water 
(58/42. v/v). The refractive index of the individual 45 
fractions was determined. FIG. I represents the refrac- 
tive index profile of the peaks (labeled QA-1 to QA-22 
in order of increasing retention times) from the RP- 
HPLC. The relative proportion of each peak in bark 
extract and Superfos "Quil-A" is shown on Table 1, 50 
below. 



TABLE I 




Rett live proportion of HPLC frac- 






tions of crude wponin eatrsct and 






Superfos "Quil-A** (refractive index) 






% of Toul (peak* 2-21) 






Dial y ted. methanol- 


Superfoi 


HPLC Friction soluble bark extract 


"Quil-A" 


QA-2 


3.1 


1.2 


QA-3 


4 8 


2.4 


QA-O 


10. 1 


7.1 


QA-6,7 


17.3 


12.7 


QA-8 


6.8 


10.5 


QA-9 


1.0 


2.1 


QA-10 


2.7 


1.3 


QA-II 


6.8 


6.2 


QA-12 


3.5 


5.6 


QA-13. 14.15 


4.8 


7.7 


QA-16 


2.S 


t.4 


QA-17 


It. 4 


9.9 



efficiency of the extraction process or in bark from 
different sources. 

Due to the ready availability of "Quil-A" and the 
similar composition to bark extract, "Quil-A" was uti- 
lized to produce mg quantities of material. Adjuvant 
activity irt mice, using BSA as antigen, was found to be 
associated with peaks 4, 7. 11, 12, 15, 16. 17, 18. 19. and 
20 (Table 2) at doses of 3.0 u,g carbohydrate (deter- 
mined by the anthrone assay). The absorbance due to 
antigen-specific antibody binding (two weeks post- 
immunization, determined by ELISA) at a sera dilution 
of 1:10 provides a semi-quantitntive estimate of adjuvant 
activity (ranging from 0.07 in mice immunized in the 
absence of adjuvant to 1.24 in mice immunized in the 
53 presence of QA-20). 



60 



65 



TABLE 2 




Adjuvmt Activity in Mice 






Adjuvtnl 




HPLC 


One 


Abwfbance" 


Friction 


ft*g carbohydrate) 


(410 nm) 


QA-2 


3.0 


.34 


QA-3 


JO 


.27 


QA-4 


3.0 


.60 


QA-7 


3.0 


.49 


QA-10 


3.0 


.13 


QA-ll 


3.0 


.46 


QA-12 


3.0 


.76 


QA-I3.K 


30 


.20 


QA-IJ 


3.0 


1.17 
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TABLE 2-continued QA-17 by reverse phase TLC and pooled for further 

characterization. Fractions eluting with a retention time 
between 44-46 minutes were identified as QA-17 by 
reverse phase TLC and were pooled for further charac- 
5 lerization. 





Adjuvant Activity in Mice 






Adjuvant 




HPLC 


Dove 


Abwrbonce* 


Friction 


ip% carbohydrate) 


f4(0 nm) 


QA-16 


)0 


.6* 


QA-17 


JO 


I.IJ 


QA-IJ 


JO 


.73 


QA-19 


JO 


.9) 


QA-20 


J.O 


1.24 






0.07 



EXAMPLE 5 

Purity and Characterization of Adjuvants Purified by 
Silica and Reverse Phosc Chromatography 

Purity 

•Atrtorb^c.du-w .«.|«*if**fc «M.bod r .« «r. d.Mw. of hio. f\Q t 5a represents a reverse-phase TLC (E.M, Sci- 

_ , ence RP-TLC. C8 (Solvent - 70% methanol, visualiza- 

Due to the predominance of peaks QA-7, QA-17. tion spray « Bial*s reagent)). 5 ug each of QA-7, QA-l 7, 

QA-18. and QA-21 . m bark extract, these four compo- Q A .| 8 , and q a . 2i purincd M dc3Cribcd in E „ mple 3 

nents were punted on a layer scale, as described in and 4, were chromatographed. The adjuvants each 

Examples J and 4. below. appeared as single bands in this TLC system. 

EXAMPLE 3 FIG. 5b demonstrates fractions QA-7, QA- 1 7, Qa- 1 8. 

r> * f* • 1 ^ * QA-2 1 and "Quil-A" on EM Si60 HPTLC plate (sol- 
Punncat,on by Silica Chromatograph ^ vcnt „40 mM acetic acid in chloroform/meihanol/H 2 0 

1 gram "Quil-A" was suspended in 75 ml methanol (60/45/10, v/v/v), visualization spray » Bial's reagent), 

and heated at 60" for 15 minutes and filtered. The undis- 2-u.g each of QA-7, QA-17, QA-18 and QA-21, purified 

solved material was extracted a second time with 50 ml as described in Examples 3 and 4, and 20 ^g of "Quit* 

methanol at 60* C. and filtered. The filtrates were evap- A," a crude saponin extract, were chromatographed. 

orated to dryness on the rotocvaporator. A Lichropcp 25 The HPLC-purified material appeared predominantly 

Silica Si60 column (E.M. Science, 23 mm ID X 310 mm as a single band. 

L, 40-63 u.m particle size) was pre-equilibrated in 40 Spectroscopy 

mM acetic acid in chlorofoiWmethanol/water The LTV spectra of QA-7, QA-17, QA-18 and QA-21 

(62/32/6, v/v/v). j n methanol arc shown on FIGS. 6A-D respectively. 

The dned "Quil-A." a crude mixture of saponins, was ^ Dalsgaard's (Dalsgurd. K.. Acta Vttcrinaria Scan- 

dissolved in 5 ml of column solvent and eluted through dinavica Supp. 69:1^*0 (1978)) adjuvant fraction had an 

the silica .somatically in this solvent system at a flow absorbance peak at 280 nm; however, the HPLC-puri- 

rate of 1 ml/mm. Carbohydrate analysis, thin-layer fied fractions of the present invention do not have a 

chromatography, and HPLC were used to monitor the pca k at 280 nm but have a major peak in the region 

fractions for QA-7, QA-17. QA-18. and- QA-21. Free 33 between 20Q-220 nm with a shoulder centered at 260 

tions 19-30 were ennched in QA-21 and were pooled nm 

for further purification of QA-21. Fractions 31-60 were Fourier Transform- Infrared Resonance ("FT-IR") 

ennched in QA-8 and QA-18 and were pooled for fur- 5pcclrm showcd Iiulc difrcrcn ce between the adjuvants. 

ther P unficat|on of these components. Fractions 85-104 suggesting that they alt have the same functional 

were ennched with QA-7 and QA-17 and were pooled ^ groups . Although identification of the structure cannot 

tor turtner punhcation or these components. These be made from the I R. the spectral data is consistent with 

pools were flash evaporated pnor to further punfica- thc prcscnce 0 f a carboxyl group as was suggested by 

l,0n * Dalsgaard (Dalsgaard, fC.. supra). 

EXAMPLE 4 'H-NMR at 250 MHz of the purified saponins in 

c d r u o ou »tn, ^ 41 CD]OD demonstrates the complex nature of the puri- 

Further Punfication by Reverse Phase HPLC ficd QA . 7 (FIG 7a) /q a ., 8 < FIG . 7B) F and 

Silica fractions were further purified by scmiprepara- QA-2 1 (FIG. 7C). The signals in the region between 4, 1 

tive reverse phase HPLC on Vydac 0(10 mm IDX25 to 5.4 ppm clearly demonstrate the presence of multiple 

cm L), FIG. 4. Silica fractions (10-20 mg) were dis- signals from the anomeric protons of the monosaccha- 
solved in the appropriate solvent and loaded on Vydac 50 rides, indicating a multiplicity of monosaccharide re- 

O. A methanol gradient was used to elute the fractions. sides. However, the NMR spectra of the saponins arc 

The flow rate was 3 ml per minute. The fractions were loo complex to allow structural determination, 

monitored by absorbance at 214 nm. FIG. 4B shows the MS-FAB of the purified saponins QA-7, QA-17, and 

purification of QA-21 from silica fractions 19-30 using QA-21 (FIGS. 8A. 8B, 8C, respectively) indicated ap- 

isocratic separation in 40 mM acetic acid in 58% me- 55 proximate pseudo- molecular ion masses of 1870, 2310. 

thanol/42% water. Fractions eluting with a retention and 1980, respectively. MS-FAB was not determined 

time between 65-72 minutes were identified as QA-21 on QA-18 due to difficulties in solubilizing this compo- 

by reverse phase TLC and pooled for further character- nent. These molecular weights are consistent with those 

ization. FIG. 4C shows the purification of QA- 1 8 from expected for a triterpene linked to eight to ten monosac- 

silica fractions 31-60 using a methanol gradient in 40 60 charide residues and were in the same range as mono- 

mM acetic acid (50-56% methanol/0-10 min, 56-69% mer molecular weights determined by size exclusion 

methanol/10-79 min). Fractions eluting with a reten- HPLC of purified saponins in methanol (Zorbax PSM 

tion time between 46-48 minutes were identified as 60 Si column. 25 cm X 6.2 mm, I ml/min flow rate. 

QA-18 by reverse phase TLC and pooled for further molecular weight standards™ 1 8-£-glycrhetinic acid 

characterization. FIG. 4D shows the purification of 65 and gtnenoside Rbi) which indicated approximate mo- 

QA-7 and QA-17 from silica fractions 85-104 using the lecular weights of 2600. 2400, 1800, and 2400 for QA-7, 

same gradient used in FIG. 4C. Fractions eluting with a QA-17, QA-18. and QA-21. respectively. The diffcr- 

rctention time between 21-23 minutes were identified as ence between FAB-MS and size exclusion HPLC are 
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most l.kciy due to variation in shape between the sapo- a 2Vmin increase to 200' C. and then a iOVmin increase 

mns and the molecular weight standards. to 260' C with flame ionization detection. 

Carbohydrate Composition Glycoside linkage analysis was carried out by the 

Table 3 below shows the carbohydrate composition following method: To the sample (- I mg) dissolved in 

and linkage analysis of purified saponins QA-7.QA-I7, 5 dry dimethylsulfoxide (0.2 ml). 0.2 ml of potassium 



QA-18. QA-21, and QA-19. The carbohydrate in sapo- 
nins was converted to alditol acetates by heating 0.2 mg 
saponin in 0.3 ml 2N trifluoroacctic acid containing 0. 1 
mg/ml inositol at 120" C. for two hours. The acid was 
removed under a flow of air, and residual acid removed 
by the addition of isopropanol (2 X 0.25 ml), followed by 
blowing to dryness with air. The dry residue obtained 
was dissolved in IM ammonium hydroxide (0.25 ml) 
containing 10 mg/ml sodium borodeutcridc and kept 
for one hour at room temperature. Glacial acetic acid 
(0.1 ml) was added, and the solution was blown to dry- 
ness. Residual borate was removed by co-distilling with 
10% acetic acid in methanol (3x0.25 ml) and finally 
with methanol (2x0.23 ml). The dry residue in acetic 



dimethylsulphinyl anion (2M) was added, and the ma- 
ture stirred for 12 hours under argon. The reaction 
mixture was cooled in ice, and methyl iodide (0.2 ml) 
was added drop wise. The resulting mixture was soni- 
10 cated and stirred at room temperature for one hour. The 
methylated material was isolated using Scp-Hak Cjt 
cartridges conditioned with ethanol (20 ml), acctonitrile 
(8 ml), and water ( 10 ml). Water ( I ml) was added to the 
mcihylation reaction mixture, and the excess methyl 
13 iodide removed by passing nitrogen through the solu- 
tion. The clear solution was applied to the cartridge 
which was washed with water (8 ml) and 20% acctoni- 
trile (3 ml). The methylated material was cluted from 
the cartridge with 100% acctonitrile (4 ml) and ethanol 



anhydride (0. 1 ml) and pyridine (0. 1 ml) was heated for 20 (4 ml). The solvents were removed with a now of air. 
20 minutes at 120' C. Toluene (9.02 ml) was added to The dried methylated material was treated with 0.3 ml 
the cooled solution, and the solvents removed under a of "super deuteride" solution at room temperature for 
How of air. This procedure of adding toluene and re- one hour in order to reduce the uronic acid residues to 
moving pyridine and acetic anhydride was repeated the corresponding hexoses. After destroying the excess 
twice. The residue obtained was taken up in dichloro- 23 reagent with glacial acetic acid (0.1 ml), the reaction 
methane (0.3 ml) and extracted with water (0.5 ml). The mixture was blown to dryness with 10% acetic acid/- 
organic phase was transferred to a clean tube and dried. methanol and blown to dryness two more times. The 
Prior to analysis by GLC (gas-liquid chromatography), resulting reduced methylated material in methanol was 
the residue was dissolved in acetone (0.1 ml). Alditol passed through a column of Dowex— 50 W(H + ) and 
acetates were analyzed on an SP2330 capillary GLC 30 the effluent obtained was dried. The reduced methyl- 
column (30 mX0.25 mm) at 235' C.) with flame ioniza- atcd material was converted to methylated alditol* as 
tion detection. The carbohydrate in saponins was con- described in section I above and analyzed by GLC 
verted to irimethylsilated methyiglycosides by heating (SP2330 fused silica column (30 mx0.25 mm), 3 min at 
0.1 mg of sample in methanolic HC1 (0.3 ml) containing 170* C. followed by 4Vmin to 240* C.) and GLC-MS 
50ug/ml inositol for 16 hours at 80* C The sample was 33 (SP2330 fused silica column (30 mX0.25 mm). 2 min at 
blown to dryness, and residual acid removed by the 80* C. followed by 30*/min to 170* C followed by 
addition of t-butyl alcohol (2x0.25 mi) followed by 4*/min to 240" C followed by holding at 240* C for 10 
drying with a flow of air. The dry residue was dissolved min. mass spectral analysis on Hewlett-Packard MSD). 
in a solution (0.2 ml) containing pyridine, hexamethyldi- Despite the similarity in the carbohydrate composi- 

silazane. and trimethylchlorosilane (3:1:0.5 v/v. "Tri- 40 tion, subtle differences distinguish the individual sapo- 
SiP) and heated for 20 minutes at 80* C The silylating nins. in particular, the absence of arabinose in QA-7 and 
reagent was evaporated at room temperature, and the decreased glucose in QA-21 compared to the other 
residue dissolved in hexane (1 ml). After removal of the saponins. 

TABLE 3 



QA-7 



Carbohydrate Competition md Linkage Artalym of Purified Saponin* 

QA-'7 QA-18 QA-I9A 



QA-21 



rhamnose 

Tucom 
arabinote 

tylos« 

galactose 

glucose 

glucuronic 

acid 

apioie* 



AA« TMS 6 Linkage AA TMS Linkage AA TMS Linkage AA TMS Linkage AA TMS Linkage 



191.4 

16.7 
(race 
98.1 

11.2 
11.2 
N.T> 



1.37 

0.67 
traca 
0.95 

0.74 
1.0 
0.48 



3.4 
2J 

T 
) 
T 
T 
2J 



22.3 NT. 



184.4 


1.9 


T 


132.0 


0.99 


T 


32.7 


1.69 


T 


131.9 


1.07 


T 






3.4 






3.4 






3.4 






4 


77.9 


0.71 


2 


95.6 


0.76 


2 


26.6 


on 


2 


99.8 


0.76 




63.4 


0.10 


2 


80.1 


0.64 


T 


31.1 


0.94 


T 


71.0 


0.63 


T 


81.1 


1.01 


T 


117 8 


1.16 


T 


49.9 


2.07 


T 


HO 


1.21 


r 






3 






3 






3 






3 


69.4 


0.81 


T 


88.1 


0.86 


T 


trace 


1.11 


T 


18.1 


0.84 


T 


13.7 


1.0 


T 


89.2 


1.00 


T 


trace 


to 


T 


19.6 


0.30 


T 


NT. 


0.32 


2.3 


NT. 


0.62 


2.J 


29.2 


0.62 


2.3 


NT. 


062 


2.J 


24.3 


NT. 




25.7 


NT. 


T 


27.7 




T 


20.0 


NT. 


T 



'Alditol aexute (M|/«"f upomn) 

*TrimethylitUted methyl glrcotxte* (relative proportion!) 

TterminaJ glvcm?) fettduc. thai a. atuclied through CI but with no other residues •(i*cK«d 10 it J.4 - a | l r c« 
fi-ikiues ylyctwidicaJtv attached to * through CO a*d C-4. 
*Not toted 

Tcxx recovery u tMitot acetates 



attached through Cl with other glfcmrl 



insoluble residue by nitration using glass wool plug, the 
filtrate was transferred to a clean tube and evaporated. 
The residue was dissolved in hexane (0.2 ml) prior to 65 
analysis by GLC The trimcthylsilated methyl glyco- 
sides were analyzed on a GLC column of fused silica 
DB1 (25 mx0.25 mm) for J min at 160* C. followed by 



Characterization of Saponins as Detergents 
The critical micellar concentration of adjuvants 
QA-7. QA-17, QA-18. and QA-21 was determined by 
the method of DeVendittis et al. (DcVcndittis. E.. 
Palumbo. G., Parlato, G.. and Bocchini. V. (1981) Anal 
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Biochem. 115, 278-286) as follows: The emission spec- 
trum of l-anilinonapthalene-8-sulfonic acid (ANS) in 
water was determined at dry weight concentrations of 
adjuvant ranging from 0.01 to 0.10% (W/v) to cover 
ihe range below and above the critical micellar concen- 5 
(ration. Above the critical micellar concentration, the 
fluorescence yield of ANS increases and the wave- 
length of maximum emission decreases due to partition- 
ing of the fluorescent dye into the micelles. Similar 
critical micellar concentrations were found for QA-7, 10 
QA-17. QA-18. and QA-21 in water (0.06%, 0.06%, 
0.04%, and 0.03%. respectively) with slightly lower 
concentrations determined in phosphate buffered saline 
(0,07% 0.03%. 0.02%, and 0.02%, respectively). 

FIG, 9 shows the gel filtration chromatograph for 15 
micelles formed by purified QA-18 and QA-21 (on Bio- 
Gel P-200 (6.6 mm ID X 90 cm ht)). prc-equilibratcd in 
a concentration of purified saponin equivalent to the 
critical micellar concentration of that saponin in phos- 
phate buffer saline to prevent the monomer-micelle 20 
equilibrium from reducing the apparent radius of the 
micelles). QA-18 and QA-21 micelles clute with a size 
that is similar to that of the protein bovine serum albu- 
min. 

The hemolytic activity of the adjuvants was deter- 
mined by the following method: Dilutions of adjuvants 
QA-7, QA-8, QA-17, QA-18, QA-21. and Superfos 
"Quil-A" were made on a round bottom , microliter 
plate (75 u.1 per well). Sheep red blood cells (SRBC), 
washed three times with PBS, were diluted to 4% with 
PBS. SRBC (25 fxl) were added to each well and mixed 
with adjuvant. After incubation at room temperature 30 
min, the plates were spun at 1000 rpm 5 min in a Sorvall 
RT6000, H-1000 rotor, to sediment unhemolyzed cells. 
50 
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EXAMPLE 7 

Isolation of Alkaline Hydrolysis Product 

Treatment of QA-18 by brief alkaline hydrolysis 
yielded one major carbohydrate-containing alkaline 
hydrolysis product (designated QA-18 H). Purified 
QA-18 H was prepared from QA-18 and isolated in the 
following manner: 

One ml QA-18 (5 mg/ml) was incubated with 25 u.1 
IN NaOH for 15 minutes at room temperature. The 
reaction was stopped with the addition of 100 ^1 IN 
acetic acid. Using these hydrolysis conditions. QA-18 
was completely converted to a major hydrolysis prod- 
uct (QA-18 H) eluting in a peak with retention time of 
8.0 min compared to 66.8 min for unhydrolyzcd QA-18. 
indicating the increased hydrophilicity of QA-18 H. 
(Chromatography on Vydac C4 (4.6 mm 1DX25 cm L) 
in 0.1% trifluoroacetic acid in 55/45 methanol/water 
v/v) and eluted in a gradient to 64/36 methanol/water 
(v/v) over 180 minutes, flow rate of 1 ml/minute). The 
peak containing pure QA-18 H (retention time 8.0 min) 
was pooled for further characterization. The hydrolysis 
product of QA-21, designated QA-21 H, was prepared 
and purified in the same manner. QA-21 H had a reten- 
tion time of 9.3 minutes compared to 80.4 minutes for 
unhydrolyzcd QA-21. These hydrolysis products were 
shown by retention time on HPLC and by reverse phase 
thin layer chromatography to be identical to the major 
hydrolysis products generated using the method of 
Higuchi et aj. t Phytochtmistry 26: 229 (1987) using mild 
alkaline hydrolysis in NH4HCO1 (Table 4). In addition, 
these products, QA-18 H and QA-21 H, were shown to 
be the major breakdown products from hydrolysis of 
Quil-A**, a crude saponin mixture containing QA-7. 



, - , " ... . « x u,J,ft . * cruac saponin mixiure containing uaw 

Id of the supernatant from each well w. 5 transferred QA ., 7 QA-lg, and QA-21 U well a, other saponin* 



40 



45 



50 



to the same well of a flat bottom microliter plate and 
diluted to 200 uJ with HjO. Absorbance was deter- 
mined at 570 nm with a Dynatech microliter plate 
reader, (FIG. 9) Hemolysis increased the absorbance at 
570 nm due to release of hemoglobin from the lysed 
cells. Significant differences in hemolysis were ob- 
served between adjuvants. QA-17, QA-18. QA-21, and 
Supcrfos "Qutl-A" caused partial hemolysis at concen- 
trations as tow as 25 fig/ ml whereas partial hemolysis 
was observed with QA-8 at 150 fig/ml. No hemolysis 
was observed with QA-7 at the concentrations tested 
(200 fig/ml and less). 

EXAMPLE 6 

Isolation of Toxic Component QA-19 

The toxic component QA-19 cochromatographs with 
QA-18 on silica arid is enriched in silica fractions 31-60. 
Th«e fractions were pooled and flash evaporated prior 
to further purification. FIG. 4C shows the separation of 35 
QA-19 from QA-18 by reverse phase HPLC on Vydac 
C4 (10 mm IDX25 cm L) using a methanol gradient. 
Fractions eluting with a retention time between 50-52 
minutes were identified as QA-19 by reverse phase TLC 
and analytical HPLC and pooled for further character- 60 
ization. QA-19 could be further separated into two 
peaks by repurification in a shallower methanol gradi- 
ent, with the peak with shorter retention time desig- 
nated QA-I9a and the peak with longer retention time 
designated QA-I9b. Carbohydrate analysis of peak QA- 65 
19a which is more toxic in mice than QA-I9b, shows a 
carbohydrate composition which is similar to that of the 
other saponins (Table 3). 



indicating that the hydrolysis products QA-21 H and 
QA-18 H are the same hydrolysis products isolated by 
Higuchi et al„ supra, for structural characterization. 
QA-18, H and QA-21 H were saved for further charac- 
terization of adjuvant activity. 

TABLE 4 





Retention Time of Major 


Alkaiiac Hydrolyiit Products 


QA-17 H 


SO" 


QA-U H 


10* 




1.2* 


QA-21 H 


9.3* 




9.5* 


HydroJyzed • **Quil-A" 12« 9J« 



*Ombrtdff! BioScwnc* hydro! r** condition.: J m%/ml wpomn. pH I J. reaction 
time * 13 rnniin u room temperature 

*H(|vcHi ct aJ. >>r<fro<yut eondttiom: J mf /ml wpontn, 6* NH«HCO». nwhanolA 
HjO (l/l. v^vj, rociKM ttm< - 60 min»t« M »O0* C. 
HPLC Conditio**: 

Vydac C 4 . ) itm panicle iw. XX) A pore tit*. .** x 13 cm 
SoKent A - 0.1% Iflftvoroaceiic *c*J in »a(«r 
Solvent B — 0.1% inftvoroccete aod in methanol 
Gradient - B/IM mtnwio 

Row rm — I ml/ mm 



EXAMPLE 8 

Testing for Adjuvant EfTect Using BSA as Antigen 

Briefly, adjuvant effect is assessed by increase in anli- 
gen-specific antibody titers due to addition of potential 
adjuvant in the immunization formulation. Increased 
titers result from increased antibody concentrations 
and/or increased antigen/antibody affinity. Adjuvant 
effects of saponins have previously been measured by 
increase in titer of neutralizing antibodies to foot-and- 
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mouth diseaie vaccines in guinea pigj (Dalsgaard. K., this particular experiment. Due to the small number of 

fUr ?"° m " "™ /< !' If/ "" ,S «'-» 4 mice used per immunization (2) and the natural van* 

icl }> mcrea " '"".of precipitating antibodies to tion in immune response between individual mice this 

. < as by radial immunodiffusion) in guinea experiment cannot be used to quantitatively assess the 

p.gs vaccinated with BSA/saponin mixtures (Dalsg- J rc | a tive adjuvant effect of these peaks. However i, 

»■ J" ?"" n ° na I -JO (1978)). provides a qualitative assessment of the presence' o 

as well as by the increase ,n titer of ant.-keyhole limpet adjuvant activity. 1, must also be noted that the absence 

hemocyamn (KLH) antibody measured by ELISA) in 0 f apparent efTec. with QA-2. QA-J. QA-IO. Q \ 13 

mice .mmun.zed w„h KLH/sapon,n (Scott. M T.. an d QA-.4 doe, no, rule out an adjuvant effect at differ- 
Gross-Samson and Bom ore R.. /„,. Archs. Allergy ,0 en. adjuvant doses or adjuvon./pro.ein ratio. 

AppL Immun. 77:409-4 2 ( 985)). r> .. . . , « 

a„ , , f . \r • i_* ■ , Further adjuvant studies were earned out with QA-7, 

Assessment of adjuvant effect tn this study was deter- oa 17 A* iq . act . ■ , w 

mtn -A kw :„ « dca < ■ j # It QA-17, and QA-18 at different protein/adjuvant ratios. 

mined by increase in anti-BSA antibody fol owing im- i„ , , , . *L J . 

m . nc A /. j • L • ■ In S^neral, a good adjuvant effect was observed for 

mumzation with DSA/saponin compared with immuni- nA % oa m to u w . . • , > 

zation with DSA in the absence of saponin. Thc adju- I5 ^x\^ t\T' 9 • Vh h pr0tc ! n ??' u : 

vant activity in the purified fraction was measured as :™ ™° ^jr^l^QT/^ ?^°n A 7,^, WW f ■ °/? f 

follows: CD-I mice (8-10 weeks old) were immunized a PP row 7« e| y 3:1 10 9 ; ! 12). QA-2 1 (tested in this 

intradcrmally with the following formulation: 10 M g " udy °^ a ' P'Otc.n/carbohydratc weight of 6:1) also 

BSA (Sigma 7030. fatty acid free) and Quillaja adjuvant Howcvcr * 11 »hould be noted 
(ot doses ranging from 1.5-15 ug carbohydrate as mea- 20 ! hat (hc pr ° pcr ad J uvant <o prolan ratio for optimum 

sured by anthronc) in 200 M l PBS. Sera was harvested ' mmunC r "P onsc ,s fl funcl,on of both th <= particular 

two weeks post-immunization. Anti-BSA antibody was Mp0nm ad J uvant 3nd lhc P a ™cular antigen used. Adju. 

determined by ELISA: Immulon II plates were coated V u am " s ? c,atton w,lh anh S'n plays an important role in 

overnight at 4* C. with 100 p] fatty acid free BSA (10 C mccnamsm of action of the saponin adjuvant effect, 
/ig/ml in PBS) in rows, A. C. E. and G. Plates were 25 f n thc caJC of 5a P° nin binding to protein, hydrophobic 

washed twice with PBS. Nonspecific binding was pre- interactions are thc predominant factor. Hence, differ- 

vented by incubating for 1.5 h at 37' C. with 100 u.1 cncca in Mrophobicity of the HPLC-purified adju- 

diluent (2% Casein acid hydrolysate (Oxoid. w/v) in vnnu will affect the binding constant to hydrophobic 

PBS) per well in all wells. Plates were washed four proteins. In addition, the number of hydrophobic bind- 
limes with 0.05% Twcen 20 in distilled water. Sera at , 0 in S 3 ' lca on th c protein will also affect the ability to 

dilutions of 10, I0 2 , !0 J , and 10* were incubated in rows associate with saponin adjuvants. Hence, it is necessary 

A + B. C-f-D, E + F, and G + H. respectively (100 to determine thc optimum adjuvant dose for each indi* 

fil/well) for I h at room temperature. Plates were v 'dua! adjuvant and antigen. Such optimization is 

washed as described above. Boehringer-Mannheim within the skill of thc art. 

horse radish peroxidase conjugate goat anti-mouse anti- HPLC-purified adjuvants were also compared with 

body (1/5000 in 5% BSA in diluent) was incubated for Frcund's complete adjuvant and were found to result in 

30 min at room temperature (100 fil per well, all wells). a similar level of immune response (FIG. 12, panel b). 

Plates were washed as described above. The extent of FYAMPf F 10 
peroxidase reaction was determined by reaction with 

2,2'-azino-bis(3-ethylbenzthiazoline)-6-sulfonate (30 ^ Preparation of FELV Recombinant gp70R-dclta 

minute reaction at room temperature, absorbance mea- Inclusion Body Preparation 

sured at 410 nm) or with 3.3 ,5.5'-tetramethylbcnzidine Recombinant B coii clone R16-38 was grown in LB 

(10 m.n reaction a ^ mcdium |emen|ed wjtn |% |ucose an(J Q |% 

^ binder h^ C ( ant '- casamino acids at 32' C. to an optical density (560 run) 

body btnd ng to he toul antibody binding was removed 4J of rj.4-0.6. The culture was then shifted to W C. and 

^ t" C T l^ C h ab5 ° rba f n " ° f thC ant >8"-negative jncuba(cd fof „ addjtionaJ 2 hourj A( (hc cnd Qf tnij 

wc, ,rom me aosoroance oi tne antigcn-posihve well (imc lnc ccl , 3 

were collected by centrifueation at 4.000 

! h"? '° n ' . J ,bs0rb r ancedue '° r'! 86 "' « for 30 minu '«- ^'"hed with 50 Tri 3 HC1. P H 7.5. and 

d ^Twrrr ^".MvT ( 5i ^ 71^ C , dP °r » ^ 1 ml 01M phenyl m ethyl 5 ulfonyin U oride in iso- 

titers were typically at a sera di ution of 0 or ess for i /r.- i ~ . .• A It j n a i r « 

• • .• • l. r a propanoi (final concentration 0.5 and 0.4 ml of 5 mn/m 

immunization in the absence of adjuvant and were as „ nr L;„:„ \n i A . , A n / i* -rJ 7. 

... , A i . r • X. aprotmin (una concentration 10.0 ug/m ). The ce s 

nigh as tOJ in the presence of saponin adjuvant. Da- ■ j. • ^- ■ ' , 

lvr«4 M~th* n *i J„kL ; . . J wcre 'y*** 1 bv «nzymatic digestion with lysozyme (fina 

lyzeo, methanol-soluble bark extract at an adjuvant . . « n < / t\ ■ l. r \ *~ 

. M f . . . t . . . _. concentration — 0.5 mg/ml) in the presence of 0.2% 

dose of 12 fig carbohydrate or greater (carbohydrate «« x^»«- Y inn aa • r m ■ • w V, 

. ... A x • . °. . x - / ,55 Tnton X-100. After stirring for 30 minutes. 2 ml MeCh 

assayed by anthrone) increased titers by 2 orders of < , . , , x . . ** ; ' * ' 

magnitude compared to BSA in PBS. A good adjuvant ( ° ^ ^ D "™* {[ ^ ° 1M phc 7'- 

effect was observed at doses of "QuiLA" between 9-23 ^h!?^^^ S u^ n ,* ^ 

ub carbohvdrate 30 additional minutes, 40 ml EDTA (0.25M. pH 7.5) and 

™ 7 * 4 ml Triton X- 100 (10% w/v) were added. The prcpara- 

EXAMPLE 9 60 tion was centrifuged at 10.000 Xg for 30 minutes at 4' 

Adjuvant Testing of HPLOPurified Extract ^ C pc! ^ WU r «^pended in 50 ml 50Tris HCI. 

Components P pc was homoBcn'^d a » low speed for 1 5 

seconds. Lysozyme was added to a concentration of 0.5 

By the criteria described in Example 8. peaks QA-7. mg/ml and 0.6 ml of 10% Triton X-100 were added. 

QA-II.QA-12, QA-15, QA-16. QA-I7, QA-18. QA-19, 65 After stirring for 1 5 minutes. 10 ml of MgCI 2 (0.5M) and 

and QA-20 have varying degrees of adjuvant effect 1 ml DNase I (I mg/ml) were added and stirring was 

with QA-15. QA-17, QA-18. QA-19. and QA-20 being continued for an additional 15 minutes. After adjusting 

particularly effective at a dose of 3.0 jig carbohydrate in the volume to 300 ml with 50 Tris. pH 9.0. 40 ml of 10% 
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Tnton X-100 and 51.2 ml of EDTA (0.25M. pH 7.5) TNP-iysinc was determined using a molar extinction 
were added and the final volume adjusted to 400 ml coefficient of 10,400. 

with 50 Tris. pH 9.0. After stirring for JO minutes, the The purification of the alkylated, citraconylatcd 
suspension was cent rifuged at lO.OOOXg for 30 minutes gp70R-dclta was performed at pH 9.0 to prevent de- 
al 4* C. and the pellet was resuspended in 400 ml 50 5 blocking of lysine groups. Urea at a final concentration 
Tris HCI. pH 7.5, containing 4M urea. 50 EDTA. and of 4M was added to the modified protein. The protein 
1% Triton X-100. After stirring for 15 minutes, the w as concentrated to 3 mg/ml by ultrafiltration and 
suspension was centrifuged at 10.000 Xg for 30 minutes applied to a Sepharose 6B-C1 column ( 1.5 X 86 cm). The 
at 4" C, and the pellet was resus,>cndcd in 400 ml 50 gp70R-dclta protein was eluted at a flow rate of 6.6 
Tris HO, pH 7.5, containing 1.0M NaCl. After stirring 10 m '/" r wi <h 4 M urea. 50 mM sodium borate. pH 9.0. 
for 15 minutes, the suspension was centrifuged at Fractions (5.3 ml/fraction) were collected and the 
lO.OOOXg for 30 minutes at 4* C. and the pellet was gp70R-dclta was determined by protein assay and SDS- 
resuspended in 400 ml 50 Tris HO. pH 7.5, containing polyacrylamidc electrophoresis to be in fractions 13-15. 
6M urea, and 5 EDTA. After stirring for 15 minutes, the Tnc citraconylation of gp70R-dclta was reversed by 

suspension was centrifuged at lO.OOOXg for 30 minutes 13 dinlyzing 5 ml of alkylated, citraconylated gp70R-delta 
at 4' C At this point the pellet of inclusion bodies was 0 m &/m!) against 6M urea in 50 mM sodium citrate, 

either frozen for future use or solubilizcd in 50 Tris HO, pH 5,3 for 48 hours at room temperature. The gp70R- 
pH 9.5, containing 6M guanidine HO, 50 EDTA. and dclta ww diaI y«d against 6 M urea in 100 mM sodium 
0.5% beta-mercaptoeihanol. The gp70R-delta polypcp- 7n bicarbonate. pH 8.0 and the protein concentration ad- 
tide was then purified by either of the methods of Ex- Justcd 10 0,8 "V™ 1 P ri °' absorption to aluminum 
ample II, below. ' hydroxide. 

Procedure IN 

EXAMPLE 11 A modification of the above purification of alkylated. 

Purification of FcLV Recombinant gp70R-delta ,< c^onylated gp70R-dclta was developed. Briefly. 

" alkylated, citraconylated gp70R-delta is modified and 
Procedure I dialyzcd against 50 mM sodium borate, pH 9.0 as de- 

The solubilized protein of Example 8 was dialyzcd scribed above. Urea was added to a final concentration 
against 6M urea, 50 Tris-O. pH 8.0, 5 EDTA, and I of 8.0M. The protein was concentrated by ultrafiltration 
dithiothrcitol (DTT). Approximately 120 mg of the with a PM-30 membrane to yield 2.5 mg protein/ml. 
protein was applied to a CM-TSK. column (EM Sci- 30 The protein solution was applied to a Sephacryl S-400 
ence, 1.5 cm IDX4 cm) equilibrated with the same column (1.5 X 90 cm) in a 50 mM sodium borate buffer, 
buffer. The protein was eluted with a linear gradient of pH 9.0 containing 8M urea and eluted with the same 
NaO (0-1. 0M in 150 ml) in the same buffer. The frac- buffer. Fractions (2.9 ml/fraction) were collected and 
lions were collected and analyzed by electrophoresis on fractions 34-37 containing gp70R delta were pooled. 
10% SDS-polyicrylamide gcis. Coomassie-staining was 33 Twenty-one mg of the protein from these fractions 
used to identify the gp70R-delta protein. Fractions were diluted to a final concentration of 4M urea with 50 
25-31. eluting at approximately 0.1M NaO, were mM sodium borate, pH 9.0 and applied to a DEAE- 
pooled and used for immunization. TSK. column (1.5 X 1 1 cm). The protein was eluted with 

Procedure II a linear gradient of NaCl (O-0.5M) in 50 mM sodium 

In order to decrease the hydrophobicity of gp70R- borate. pH 9.0 containing 4M urea. Three ml fractions 
delta, the sulfhydryl groups were alkylated with were collected. Fractions 89-95 containing gp70R-delta 
iodoacetamide and the lysine residues were N-acylatcd were pooled and 15 mg of gp70R-delta was recovered, 
with citraconic anhydride. The protein prepared as in 

Example 8 was solubilized in 6M guanidine-HO in 50 4J EXAMPLE 12 

mM borate, pH 9.0, 0.5% beta-mercapiocthanol (v/v). Immunization with Aluminum Hydroxide-Absorbed 

Iodoacetamide is added at a molar ratio of 1:1 gp70R-delta 

(iodoacetamide:tot.I sulfhydryl groups). The alkylation Aluminum hydroxide which has been found to have 

was earned out in the dark for I hour at room tempera- an adjuvant c(fcct for - M amJ ^ „ ^ 

ture. The alkylation of all sulfhydryl groups (in the 3Q in vaccinc3 WM UJcd „ a fof gp70R . dclla . 

K?£d ^ u ; meM P t ^ thM0| ) WMmon ;»« dw »«h g P 70Rdelta prepared by procedure I of Example 11 

DTNBl [Eilman s reagent) to ensure complete alkyla- abovc absorbs tight , y to 10% ajuminum nydroxidc in 

tion. Tne protein concentrat.on was adjusted to 2 thc prc3cncc of 50 m M Tris-O. pH 8.0 containing 6M 

m S£ m ' . .... urea * Approximately 3 jig gp70R-de!ta were absorbed 

The protein was citraconylated in the dark by the „ iqo Mg aluminum hydroxide. The gp70R-della ab- 

addition of citraconic anhydride (0.0022 ml per mg $orbcd lo thc aluminum hydroxide was washed with 

protein; approximately 50 molar excess over free ly- phosphate buffered saline (PBS), resuspended in PBS 

sines). Thc preparation was dialyzcd several times in the an d used for immunization of animals, 

dark against 50 mM borate. pH 9.0. The completion of CD-I mice (8-10 weeks old) were immunized intra- 

thc acyiat.on of thc protein lysine groups was deter- 60 dcrmally with gp70R-delta absorbed to Al(OH) 3 in a 

mined by reaction with trinitrobenzene sulfonic acid total volume of 200 ixl PBS in the presence and absence 

(TNBS) which measures residual free lysine groups. of HPLOpurified saponins QA-17 or QA-18 or a mix- 

TNBS (200 jxl of 10 mM) was added to 200 u,g alkyl- tU re of QA-17 and QA-18. Twenty to twenty-five ^g of 

ated. citraconylated, dialyzed gp70R-defta in I ml 50 g P 70R-delta were injected per dose. HPLC-purified 

mM sodium borate, pH 9.0. The mixture was incubated 65 saponins QA-17 or QA-18 or a mixture of QA-17 and 

for 2 hours in the dark at 40* C. the reaction quenched QA-18 were used at a dry weight dose of 10 jig. Two 

with 0.5 ml of IN HO and 0.5 ml 1% SDS, and the mice were injected for each formulation. Mice were 

absorbance was read at 340 nm. Thc concentration of given a booster injection of gp70R.delta/aluminum 
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hydroxide six weeks after the initial injection. Mouse 
sera was analyzed for reactivity to FEA. a FeLV sub- 
group A, at 2. 4, and 8 weeks post-immunization by an 
ELISA immunoassay. Four weeks following immuniza- 
tion, an anti-FcLV response elicited by the recombinant 
gp70-de!ta was observed. HPLC-purified saponin adju- 
vants QA-17 and QA-18 boost this response. The re- 
sponse was two orders of magnitude greater at four 
weeks post-immunization in the presence of QA-17 
compared to immunization in the absence of saponin 
adjuvant. The results of this experiment arc shown in 
FIG. 13. 

Anti-FEA antibody was assayed by on ELISA assay. 
FEA virus (10 ug/ml in PBS) was absorbed to Immu- 
Ion II plates overnight at 4' C. ( 100 fil/well). The plates 
were washed with PBS and nonspecific antibody bind- 
ing was blocked by incubation for I hour with 10% 
normal goat serum in PBS (100 fil/well) at room tem- 
perature. Plates were then washed with 0.05% Twccn- 
20 in distilled water. Sera was diluted in 10% normal 
goat scrum in PBS and incubated for I hour at room 
temperature on the plate ot serum dilutions of 10, I0 2 , 
10* , and I0 4 (100 ul/wcll). After washing the plates 
with 0.05% Twecn-20 in distilled water, they were 
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with QA-7, QA-17, QA-18. and QA-21 appeared mildly 
ill initially but appeared to recover fully within a few 
hours after injection. **Quil-A" caused severe symptoms 
which continued for 48 hours. All mice were sacrificed 
at 48 hours for post-mortem examination of the liver. 
"Quil-A" caused severe damage of the liver with multi- 
focal areas of acute necrosis evident. QA-7. QA-17, 
QA-18, and QA-21 did not seem to significantly afTcci 
the liver. QA-17 and QA-18 were also tested in kittens 
with subcutaneous injection of 100 ug each at 8 and 10 
weeks, with no toxicity observed clinically or in the 
blood chemistry. In contrast, "Quif-A" induced a pyro- 
genie response which persisted for several hours in 
kittens. Hence, the purified saponins appear to be less 
toxic than "Quil-A" in both mice and kittens indicating 
that the purification process separates these saponins 
from one or more toxic components present in a crude 
Ouillaja extract. One such toxic component has tenta- 
tively been identified as QA-19; dosages of 50 fig or 
greater were lethal in mice within a few days of injec- 
tion. Further purification of QA-19 indicated that it 
could be separated into two peaks, QA- 19a and QA-I9b. 
QA-I9a was lethal in mice at doses of 100 fig or greater 



incubated for 30 minutes at room temperature with 100 2J whereas QA- 1 9b was apparently nonlethal up to dose of 

..is...-u.r :_i : ^ . ^- 1 50 fig; hence, a synergistic effect to produce increased 

toxicity in the mixture of QA-19a and QA- 19b cannot be 
ruled out. Preliminary screening of other minor peaks 
isolated from "Quil-A" indicates that other fraction* 
3Q may also be toxic. Hence, the purification protocols 
allow the separation of adjuvant-active saponins from 
similar but distinct compounds which are more toxic or 
which cochromatograph with toxic contaminants. 



fil/well of peroxidase-conjugated goat anti-mouse IgG 
(Bochringer-Mannheim) diluted 1/5000 in PBS. After 
washing the plates with 0.05% Tween-20 in distilled 
water, the amount of IgG-binding was determined by 
peroxidase reaction with 3.3\5.5'-letramcthylbenzidine 
from the absorbance at 450 nm determined on a Dyna- 
tech microliter plate reader. 

EXAMPLE 13 

Immunization with Aluminum Hydroxide-Absorbed 
Alkylated gp70R-delta 

CD-I mice (8-10 weeks old) were immunized intra- 
dermal^ with 15 ug/dose of alkylated gp70R-delta 
purified by procedure II of Example 1 1 (absorbed to 



35 



EXAMPLE 15 

QA-I8H and QA-21 H, prepared as described in Ex- 
ample 7, were tested for adjuvant effect with BSA in 
direct comparison with the unhydrolyzed original prod- 
ucts QA-18 and QA-21 prepared as described in Exam- 



aluminum hydroxide as described in Example 12) in 200 40 P ,c3 3 «nd 4. QA-18 and QA-21 increase the humoral 



ul PBS. HPLC-purified adjuvants AQ-7. AQ-I7, 
AQ-18 and mixtures of the three adjuvants were used at 
a dry weight dose of 10 fig. Three mice were injected 
for each formulation. Mouse sera was analyzed by 
ELISA at 2 and 4 weeks postimmunizjilion for reactiv- 
ity to FEA as described in Example 10. As with immu- 
nization with unmodified gp70R-delta shown in Exam- 
ple 10, immunization with alkylated gp70R-delta elicits 
an anti-FeLV viral response by four weeks post-immu- 
nization. HPLC-purified adjuvants QA-7, QA-17, 
QA-18 all increase the immune response as compared to 
immunization in the absence of the saponin adjuvants. 
QA-17 and mixtures of QA-17 and QA-18 induced the 
highest response, inducing endpoint titers almost two 
orders of magnitude greater than immunization in the 
absence of saponin adjuvants. The results of these ex- 
periments are summarized on FIG. 14. 

EXAMPLE 14 

Toxicity of QA-7, QA-17, QA-18, QA-19, QA-21, 
••Quil-A" 

With crude Quillaja saponins, a major symptom of 
toxicity in mice appears as necrosis of the liver. Purified 
saponins were injected into mice to determine effects on 
the liver. Mice were injected intradermally with 150 fig 65 
each QA-7, QA-17, QA-18, QA-21 and "Quil-A", the 
crude saponin extract used as the raw material for the 
purification of the other components. Animals injected 
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immune response to BSA in mice by at least an order of 
magnitude by two weeks post-immunization. However, 
the hydrolysis products QA-18H and QA-21 H at the 
same weight dosage do not increase the response signifi- 
cantly (FIG. 15). Hence, optimal adjuvant effect is 
observed with the intact saponins; the essential struc- 
ture required for adjuvant activity is lost or altered 
when QA-18 and QA-21 arc hydrolyzed to QA-I8H 
and QA-21 H, respectively. 

The invention now being fully described, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without 
departing from the spirit or scope of the invention as set 
forth below. 

What is new and intended to be covered by Letters 
Patent of the United States is: 

1. Substantially pure saponin purified from a crude 
Quillaja saponaria extract wherein said pure saponin is 
characterized by a single predominant peak which com- 
prises 90% or more of the total area of all peaks of a 
chromatogram. excluding the solvent peak, when ana- 
lyzed on reverse phase-HPLC on a Vydac Ci column 
having 5 u.m panicle size. 330 A pore. 4.6 mm IDx 25 
cm L in a solvent of 40 mM acetic acid in methanol/wa- 
ter (58/42; v/v) at a flow rate of I ml/mixture, and 
wherein said saponin has immune adjuvant activity and 
is less toxic when used as an adjuvant than said Quillaja 
saponaria extract. 
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2. Substantially pure QA-7 saponin purified from a sol vent of 40 mN acetic acid in methanol/waier (58/42; 
crude Quillaja saponaria extract wherein said pure sapo- v/v) at a flow rate of I ml/minute. 

nin is characterized by one predominant peak which 9. The substantially QA-17 saponin of claim 8. 

comprises 90% or more of the total area of all peaks of wherein said saponin has immune adjuvant activity, an d 

a chromatogram, excluding the solvent peak, and hav- 5 wherein said saponin is characterized by a carbohydrate 

ing a retention time of approximately 9-10 minutes content of about 29% per dry weight as assayed by 

when analyzed on reverse phase HPLC on a Vydac Ca anthrone. has a UV absorption maxima of 205-2 10 nm. 

column having 5 |im panicle size, 330 A pore. 4.6 mm has a miccllar concentration of about 0.06% (w/v) in 

IDX25 cm L in a solvent of 40 mM acetic acid in me- water and 0.03% (w/v) in phosphaie-bufTcrrcd saline, 

thnnol/water (58/42; v/v) at a flow rate of I ml/minute. 10 causes hemolysis of sheep red blood cells at concen- 

3. The substantially pure QA-7 saponin of claim 2, (rations of 25 u.g/ml. 

wherein said saponin has immune adjuvant activity, and '0. Tn c substantially pure QA-17 saponin of claim 9. 

wherein said saponin is characterized by a carbohydrate wherein said carbohydrate content has a composition 

content of about 35% per dry weight as assayed by comprising the monosaccharides: terminal rhamnose, 
anthrone, has a UV adsorption maxima of 205-210 nm, 13 terminal xylose, 2-fucosc, 3-xylose, 3,4-rhamnose. 2.3- 

has a miccllar concentration of 0.06% (w/v) in water glucuronic acid, terminal glucose, 2-arabinosc, terminal 

and 0.07% in phosphate buffered saline, and causes no galactose and apiose. 

delectable hemolysis of sheep red blood cells at concen- ll * A substantially pure QA-18 saponin purified from 

(rations of 200 u.g/ml. a crude Quillaja saponaria extract wherein said pure 

4. The substantially pure QA-7 saponin of claim 3, 20 sa P onin is characterized by one predominant peak 
wherein said carbohydrate content has a composition wh,ch comprises 90% or more of the total area of all 
comprising the monosaccharides: terminal rhamnose. pcak * of a chromatogram, excluding the solvent peak, 
terminal xylose, terminal glucose, terminal galactose, and hav,n 6 a "Mention time of approximately 38 min- 
3-xylose, 3,4-rhamnose. 2.3-fucosc. 2,3-glucuronic acid " lcs on rcvcr5c P h "«*HPLC on a Vydac C< column 
and apiose. 23 havin S 3 panicle size. 330 A pore. 4.6 mm IDX25 

5. Substantially pure QA-21 saponin purified from a Cm hi"** 01 ^? 1 ° f 4 ° mM ace "? acid in methanol/*.- 
crude Quillaja saponaria extract wherein said pure sapo- Wv > al a ra,e , ? f 1 ml/minu "- 

nin is characterized by one predominant peak which • • QA ' 18 "P™" ° f daim 

comprises 90% or more of the total area of all peaks of w W £ crc ! B " ld Up ° nm . hM J mmunc ad J u vant ac,ivil y- and 

a chromatogram. excluding the solvent peak, and hav- 30 w * c f re ' n " ,d characterized by a carbohydrate 

ing a retention time of approximately 5tminutes when £ \% Z % ^ * ™* r^Vr? ^ 

analyzed on reverse phase-HPLC on a Vydac C< col- " h " 1 W ^sorpt.on ma^ma of 0 -210 nm. 

umn having 5 urn particle size. 330 A pore, 4.6 mm concen trauon of 0.04% (w/v) ,„ water 

mv>^*.« f ;« - .~r» . ~r a/\ w * j ■ and 0.02% (w/v) in phosphate-bufTercd sa me, and 

IUX 25 cm L in a solvent of 40 mM acetic acid in me- ,-„..„„ u ^i. ■ ' e u a ui j h 

ih*n<ti/ujat*r /fD/ii » /» \ . n . n i/ • 33 cau5C3 hemolysis of sheep red blood cells at concentra- 

thanol/ water (58/42; v/v) at a flow rate of I ml/mm ute. t - on3 oJ - 25 u( »/ml 

6. The substantially pure QA-21 saponin of claim 5. n -m. !K, *• n ^ A . <, , , . 

. ., • . • yn A i wpuniii ui uBim j 13. The substantially pure QA-18 saponin of claim 12, 

wherein said saponin has immune adjuvant activity, and - ■ A - . . l ■ ■ 

. ■ . , ' ... wneretn said carbohydrate content has a composition 

wherein »,d saponin is charatenzed by a carbohydrate compri sing the mono „ccharides: terminal rhamnose. 
content 01 aoout life per dry weight as assayed by 40 terminal arabinose. terminal apiose, terminal xylose, 

anthrone. has a UV absorption maxima of 205-210 nm, lcrinina , gIuco5Ct tcmiinaI 2 .f U cose. 3-xylose. 

has a miccllar concentration of about 0.03% (w/v) in 3.4-rhamnose and 2.3-glucuronic acid, 

water and 0.02% (w/v) in phosphate buffered saline. U . A method of enhancing an immune response to an 

and causes hemolysis of sheep red blood cells at concen- antigcn in ^ individual comprising administration of an 

trations of 25 ug/ml or greater. 43 amount of the substantially pure saponin adjuvants from 

7. The substantially pure QA-21 saponin of claim 6, any of claims 1-7 and 8-13 to said individual in an 
wherein said carbohydrate content has a composition amount sufficient to enhance the immune response of 
comprising the monosaccharides: terminal rhamnose, said individual to said antigen. 

terminal arabinose, terminal apiose. terminal xylose. 15. A pharmaceutical composition useful for inducing 

4-rhamnose, terminal glucose, terminal galactose, 2- 50 the production of antibodies to an antigen in an individ- 

fucose, 3-xylose. 3,4-rhamnose and 2.3-glucuronic acid. ual comprising an immunogenically effective amount of 

8. A substantially pure QA-17 saponin purified from a an antigen and at least one substantially pure saponin as 
crude Quillaja saponaria extract wherein said pure sapo- in any one of claims 1-7 and 8-13. wherein said substan- 
nin is characterized by one predominant peak which tially pure saponin is present in an amount sufficient to 
comprises 90% or more of the total area of all peaks of 55 enhance the immune response of said individual to said 
a chromatogram, excluding the solvent peak, and hav- antigen. 

ing a retention time of approximately 35 minutes on 16. The pharmaceutical composition of claim 15, 

reverse phase-HPLC on a Vydac C 4 column having 5 wherein said individual is a mammal. 

urn particle size, 330 A pore, 4.6 mm ID X 25 cm L in a 
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PATENT NO. : 5.057,540 Page l of 2 

DATED : October 15, 1991 

INVENTOR(S) ; Charlotte A. Kensil, et al 

ll n certified ttai error appears in the above-identified patent and thai said Letters Patent is hereby 
corrected as shown bHom: 

Column 10, line 32, "40 nM" should read "40 mM". 

Column 11, Table 2, last line, under the heading "HPLC Fraction" there 
should be a dash ■ - - to denote that no fraction was included as adjuvant with the 
antigen. 

Column 12, line 1, "QA-17" should read "QA-7". 
Column 20, line 49, "coolly" should read "commonly". 
Column 21, line 32, "microliter" should read as "microtiter". 
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EVALUATION OF MONOPHOSPHORYL LIPID A (MPL) AS AN ADJUVA! 

Enhancement of the Serum Antibody Response in Mice to Polysaccharide-Pr 
Conjugates by Concurrent Injection with MPL 
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J. TERRY ULRICH.* JON A. RUDBACH/ GERALD SCHIFFMAN.' and JOHN B. ROBBU 
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Concurrent Injection of monophospboryl lipid A 
(MPL) in saline or as an otl-uvwater emulsion en- 
hanced both the primary and secondary serum an- 
tibody responses to the capsular polysaccharide 
(CP) components of seven conjugates: the enhanced 
responses were Ag-specific. In contrast, MPL did not 
enhance the serum antibody response to five of the 
six unconjugated CP. MPL and trehalose dimycolate 
Injected concurrently with the unconjugated Vi CP 
of Salmonella typhi (Vi) enhanced the serum anti- 
- body response to that Ag. MPL further enhanced 
the Vi antibody levels when injected with conjugates 
of this CP. The serum antibody responses to Pseu- 
domonas aeruginosa exotoxin A, used as the car- 
rier p2roteln for the Staphylococcus aureus types 5 
and 8 conjugates, were also enhanced by MPL. MPL 
in oil-in-water emulsion was generally more effec- 
tive than when administered in saline. 

ImmunogencUy is Increased and T cell-dependent prop- 
erties arc conferred upon saccharides covalcntly bound 
to proteins to form conjugates (1). Further enhancement 
of antibody responses by adjuvants to medically impor- 
tant PS 3 , such as the CP of Hlb. could Increase the percent 
of Infants responding with protective levels of antibody 
to the first Injection of conjugate and could reduce the 
dosage and the number of injections required to Induce 
protective Immunity to meningitis and other systemic 
Infections caused by Hlb (2-8). Adjuvants could also fur- 
ther enhance antibody responses Induced by conjugates 
in patients with decreased immune responsiveness, such 
as occurs In sickle cell anemia, chronic renal hemodi- 
alysis, or with less*than-optlmal nutrition ( 1 . 9). 
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Adsorption onto aluminium salts enhances «* 
longs the antibody response to bacterial and v 
telns. Although this method enhanced the scrun 
tlbody responses of Hib-TT in infant rhesus mon 
adsorption onto aluminium salts did not serv 
adjuvant for Hib alone or an Hib-TT conjugate in 
old children (6). 

MPL was shown to enhance the antibody resj 
Pn3 CP In adult and young mice (10-1 5). The met 
was proposed to be inactlvatlon of Ag-speciflc suj 
T cells by MPL (10. 11. 13). MPL in saline exer 
adjuvant action only when given after adminisu 
the Pn3 (11). Both the l.p. route and the Inablili 
MPL to augment the antibody response when i 
tered concurrently with the Pn3 limit the use/u 
this regime for humans. 

In this study, we show that PS antibody resr> 
4- to 6-wk-old mice are enhanced by concurrenl 
istratlon of MPL with these conjugates. Addition < 
enc to form an o/w emulsion with MPL and the co. 
was generally more effective than MPL In sa! 
adjuvant effect was also shown when TDM wa 
poralcd in an o/w emulsion. 

MATERIALS ANO METHODS 

Antigens (Table I) 

The preparation and Immunologic properties of the CP. 
and conjugates have been described (1,3. 1 7-20J. The do* 
conjugate was based by the amount of CP. Unless specif 
wise, each Injection of Ag contained 2.5 of CP a Ion 
conjugate. The PS/protein ratios for the conjugates wen 
Hlb-TT (3). 0.5 for Pn6B-TT (9). 1.1 for Pnl2F*DT. 0.66 : 
1.28 for Vl-CTB. 1.37 for S. aureus type 5-ETA and 1.1 f 
yfococcus aureus type 8-ETA. 

Adjuvants 

The adjuvants were prohduced by RIBI ImmunoChcm 
Inc. Hamilton. MT. MPL heptosclcss mutant of Salmonet 
sola (R595) (2 1 -23). TOM was prepared from cell walls of 
(erfum phtet by a modified method (24). This material t 
tectable low polarity lipids, mycotic adds, or trehalose tr 
Utes. 

Vaccine Formulation 

The CP or the conjugates were formulated with adjuva 
of two ways. 

o/u\ MPL and TOM were solubllticd In chloroform/met! 
at 10 mg/ml. Allquots were transferred to a 10 ml Potter 
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PL-ENHANCED POLYSACCHARIDE ANTIOODY RESPONSE 



TABLE I 
CP and CP protein conjugates' 



' HtbCP l 25 ' 
Hib-TT ( 3 > 

*nG8 Pasteur. Merleu*. France |9. 27) 

rn6B-TT (3- 91 

Pn 1 2 F. Lcderlc Laboratories. NY (27) 
Pnl2F-DT (»7) 

VI. Pasteur Mcrtcu a. Paris. France (M 
Vl<holer» toxin (Vi-CT) (»9) 
Vl-B tubunll cholera toxin (Vl-CTB) (20) 

S. aureus type 5 and type 8 CP (1.18) 

S. aureus type* 5 and 8-P. aeruatnosa ETA (16) 

- ti, c poly vice ha rtdes and protein* are covilently bound by multipoint 
juachment using either adlplc acid dlhydrarlde (3. 9| or N-*ucclnlmidyl 
3 .^.pyridyldithlo)proplona(c a* the joining rcagenti ( 1 7-20). All the con- 
jugates were excluded from the matrix by gel filtration through CL-40 
Scpruroae. 

tissue grinding tube with a fitted Teflon pestle. The chloroform/ 
methanol was evaporated by passing N, Into the lube. An aliquot of 
jqualenc (Sigma Chemical Co.. St. Louis. MO] passed through a 
sterile 0.22-nm filter, representing 2% of the final volume of vaccine, 
was added to the tube. The contents were ground with a motor- 
driven pesUe until the MPL and/or TDM were solubllizcd In the oil 
(-3 mln). The Ag solution was added to the tube and the mixing 
continued for 2 to 4 mln. Twecn 80 (Sigma) 0.2% In saJlnc was added 
ind this mixture was homogenized by up-and-down strokes of the 
pestle for 4 to 6 mln. Thimerosal was added to a flnaJ conccnLraUon 
ofO.01% and the vaccine was decanted Into via Is and stored at 4*C. 
Before use. the vaccines were warmed lo room temperature and 
vortejted. In certain experiments (see Results) o/w contained MPL 
only or both MPL and TDM. Control o/w contained only aqualcne 
and water. 

Admixture with MPL In saline. The freexe-dried I rtcthy tenesmi ne 
(Sigma) salt of MPL was solublllxcd at 1.0 mg/ml In 0.25% trtethy- 
kneaminc by heating at 50*C for 15 mln followed by son lea t ion 
(Branson 1200. Branson Ultrasonics Corp.. Danbury. CTJ for IS mln. 
The resulting solution was slightly opalescent. AllquoU of this so- 
lution were then admixed with the Ag In a 5-ml vial and the formu- 
lation brought to a final volume with saline. 0.01% thimeroaal. and 
stored at 4*C. 

The dose of Ag was varied In some experiments (see Results) but 
the dose of adjuvant was held constant In all experiments: 50 Mg of 
MPL in an o/w or In saline or 50 *ig each of MPL and TDM In o/w. 

Immunization of Mice 

Croups of 20 ICR (Harlan Sprague Daw Icy) female mice. 4 to 6 wk 
of age. were Injected a.c. with 0.1 ml of vaccine. After 14 day*. 10 
mice from each group were exsanguinated. The remaining mice In 
each group were Injected again with the same dose on day 14 and 
exsanguinated 7 days later. The sera were stored at -70*C. The sera 
from each group, as well as from controls (Injected with saline) were 
coded and sent to the N1H for antibody assay. 

Serologic 

CP antibodies were measured by RIA for Hlb (25). Pn6B. Pnl2F. 
and the V! (19, 21). ELISA was used lo measure antibodies to the S. 
aureus type 5 and type 8 CP and to the ETA of P. aeruginosa (18). 

Statistical 

The antibody responses of posllmmunliatlon sera were expressed 
CM levels. Comparison between groups were calculated using the 
unpaired (-test. All compulations were performed using the Statis- 
tical Analysis System. 

RESULTS 

Nfb.TT. The Hlb CP Is a linear homopolymcr with the 
Allowing repeat unit: — 3)0-o-Rlb/(l — 1 Irlbltol-S-PO*-. 
Ejection of Hlb CP alone, with MPU or with MPL and 
T °M did not elicit antibodies In the mice (data not 
V 



shown). Consistent with our published results (2. 3 
TT elicited scrum Hib CP antibodies In mice. Addlt 
MPL + TDM. as an o/w. enhanced the scrum H. 
antibody responses after the first injection (Tal 
Although CM Hlb antibody levels In the adjuvant r 
arc higher than in the Hib-TT alone group, these ■ 
enecs were NS afler the second injection. 

The effect of these adjuvants was studied with v . 
doses of Hib-TT (Table III). In our previous cxperir 
one-tenth of a human dose was Injected Into rr 
evaluate the immunogenlclty of Hlb-TT and other . 
gates designed for clinical use (1). Although not a 
statistically significant, there was a direct rclatU 
t ween the dose of Hlb-TT and the CM after each Injr 
Addition of the adjuvants lo the 0. 1 0 and 0.5 ug dc 
Hlb-TT enhanced the Hib antibody response aft- 
second Injection. The CM Hlb antibody levels in ; 
adjuvant groups were higher than those elicited I 
Hlb-TT alone. 

Pn6B-TT and Pnl2F-DT (Tab/e IV): Both Pn6 
Pnl2F arc components of the 23 valenl pneumo 
vaccine (27). Pn6B Is a linear copolymer whose tet 
charlde repeat unit Is composed of: — )o-o-Galp( 1 — 
Clcp(l— 3ja-L-Rhap< l-^)-r>ribltol-5-PO«-. Pn 1 2F 
linear branched chain copolymer whose repeal he: 
chatidc unit Is: 



4HJ-o-ManNAcAp<l- 
3 

1 
1 



o-o-Clctl— 2Hi-o-C»c 



4)»-o-FucN Acp{ 1 — 3W)-o-Gal» 
3 
t 
1 

a-o-Gal 



Pn6B and Pnl2F CP are structurally and antlgei 
unrelated. Pn6B alone did not elicit a rise In homo 
antibodies neither with MPL in saline or In o/w. 1 
elicited a slight rise In homologous antibodies aJ"lc 
Injection (NS). Neither the CP alone or with MPL e 
a heterologous scrum antibody response:. 

Conjugates of these two CP elicited statistically 
leant antibody rises with a booster after the seconc 

table n 

Concurrent injection of Htb-TT conjugate with SO *o of MPLp 
on o/w 





GcomcUV Mt*n *< Ab/ml 
(3S-7SCh CentlVea) 

IW 1« Injection Pwl 2nd ln)e» 


Hlb-TT 

Hlb-TT ♦ MPL ♦ TDM 
MPL ♦ TDM 
Saline 


0.33- (0.1 2-0.58) 1.46(0.16-1 
1.35' (0 55-3.14) 6.75(0.91-: 
0.04 JO.03-O.O4) 0. 1 6 (0.03-C 
0.04 IO.03-O.O4J 0.04 (0.03-< 


b vs a: p - 0.04. 




Effect of MPL ♦ 


TABLE in 

TDM injected as on o/w concurrently ujtth. v 
dotes of Hlb-TT 




GcotnetrtC Me»o Ab/ml (Woftrcipuo<kn*| 


* Hlb-TT 
Injected 


Hlb-TT »k>n< Hlb-TT ♦ MPL TT 


Port trt 


ro« JjmJ fort 1 « M '■ 
Infection injection (n)rr 


0.10 
0.50 
2.50 
12.5 
Saline 


0.I9|S| 
0.16(4) 
0.30 p| 
0.71 (0| 
<0.0C 


0.23* («| 0.48(2) 2.03' 
0.50* (3| 0.79(1) 4 .86 
1.64(0| 1.43(0) 4.48 
1.23(0) 2,03(0| 3.11 
<0 06 



* Nomcipondcr* are those with <O.1 5 ^ *ntlnodie»/ml in ih< 
10 mice (25, 

C v* 6; p - 0.009. e y% d; p - 0.0O2. 
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h f ENHANCE!-) POLYSACCHARIDE ANT1DODV SPON5E 



TABLE IV 



Scrum antttxxltes ettctti-d in t 


"tec fry j r injection of pneumococcal <yp<s 60 or t 7F CP alone or oi conjugate* u-tth. 
MPL m saitnr or in o/w 






CM Tiler n{ At>N/ml(no. > 300 A nubodK^.Tcx jI| 




Vifflnt FormuUlk>n 


Cofumofoffm iyXK 68 








1 U Injection 


2nd Inaction 


I ti injection 


Jrvd injrcm>n 


Pn6B-TT 
Pn6B-TT + MPL 
Pn6B TT + MPL. o/w 


28.1 {J/10) 
56.5" (2/10) 
331.0*18/10) 


336.0' (4/10) 
813.0* (9/10) 
. 2704.0* (10/10) 


0.7 (0/10) 
5.9(0/10) 
7.4 (1/10) 


0 6(0/10) 
6.3 (0/10) 
3.6 (0/10) 


Pn6B 

Pn68 + MPL 
Pn6B + MPL. o/w 


1 7 3 12/1 Ot 
23.6 (0/10) 
5.1 (0/10) 


n n in/ 1 m 
3.0 (0/10) 
13.2 (0/10) 


2.9 (0/10) 
3.4 (0/10) 
I 1.8(0/10) 


0.0(0/10) 
16.8 (0/10) 
1 1.4 (0/10) 


Pnl2F-DT 
Pnl2F-DT + MPL 
Pnl2F-DT + MPL. o/w 


5.6(0/10) 
13.3(0/10) 
10.3(0/10) 


27.3 (0/10) 
36.2 (0/10) 
48.5 (0/10) 


24.y(t/l0) 
I53.6»(l/10) 
218.8* (4/10) 


343.8' (9/10) 
401.7* (7/10) 
603.0' (8/10) 


Pnl2F 

Pnl2F + MPL 
Pnl2F + MPL. o/w 


9.5(1/10) 
5.7 (0/10) 
1.6(0/10) 


6.2 (0/10) 
24.5(0/10) 
9.5 (0/10) 


4.4 (0/10) 
52.0 (0/10) 
17.8(1/10) 


23.5(0/10) 
64.8(1/10) 
25.2 (1/10) 


Saline 
S*llnc 


4.4 (0/10) 
1 1.5(0/10) 


0.7 (0/10) 
5.4 (0/10) 


14.9(0/10) 
61.4 (1/10) 


I.I (0/10) 
1 1.3 (0/10) 



b v«o : p<0.05. <v*d.gv%f : p - 0.05. h vtj: p - 0.02. * v* c: p - 0.0007. g v»h: NS. I vi h. g.f; p - 0.01. 



tlon [p - 0.001) (3. 17). The addition of MPL enhanced 
the antibody responses to both CP (p - 0.05): MPL as an 
o/w elicited higher antibody levels than MPL \p saline 
(p » 0.05). Neither the conjugates alone nor with" the 
adjuvants elicited a rise In heterologous antibodies, 

Vt conjugates (Table V). The VI. a linear homopolymcr 
of (1-^4) aGatNAcAp variably O-acctylated at C3. elicits 
serum antibodies and protects mice against mucin- 
enhanced lethal infection with Salmonella typhi: rein- 
Jcctlon docs not elicit a booster response (28). Addition of 
o/w to the VI had no effect on antibody formation elicited 
by the VI. Addition of MPL alone or with TDM In o/w 
enhanced the VI antibody response after both primary 
and secondary Immunizations (p < 0.05). 

Neither the Vi-CTB nor the VI-CT elicited enhanced VI 
antibody responses after the first Injection. Both conju- 
gates elicited a booster response after the second Injec- 
tion: VI-CT was more Immunogenic than the Vl-CTB (p 
< 0.01). Addition of the o/w alone enhanced slightly (NS) 
the response of the VI-CTB but not the Vl-CT. Addition 
of MPL or MPL plus TDM to the o/w enhanced the scrum 
VI antibody rises elicited by both conjugates after both 

. TABLE V 

Scrum Vt antibodies elicited by VL Vt conjugates atone or wttn MPL. 
atone or uHth MPL and TDM In an o/w 



V«cctn< 



VI Ab/ml CM pUnfc) 



Fm* l«t Injection 



i 2nd Injection 



VI 

VI + o/w 

VI + MPL ♦ o/w 

VI + MPL 4- TDM 4- o/w 



4.41T2.36-7.38) 7.09* (1 .62-73.2) 
4.10* (2.61-7.29) 2.99' (1.61-6.77) 

11.5* (2.80-42.0) l4.6*(6.10-30.6) 

15.8* (0.95-229) 2 1. 6^(1 2.2-4 1.4) 



VI-CT 2.52« ( 1 .20-3.92) 31 .8' ( 1 6.5-56.0) 

VI-CT ♦ o/w 4.18* (2.42-6.44) 61 .2' (30.6-131 | 

Vl-CT ♦ MPL + o/w 8.30* (3.14-31.8) 206' 1103-724) 

Vl-CT + MPL ♦ TDM + o/w 12.4* (6.14-46.B) 526* (33.9-2230) 

VI-CTB 2.20* (1.04-9.22) 9.75" (0.90-89.4) 

Vl-CTB + o/w 2.69* (0.99-10.3) 22 J* (0.90-89.4) 

Vl-CTB + MPL + o/w 23.2' (6.65- 143) 30.9* (9.78-1 15) 

Vl-CTB + MPL ♦ TDM + o/w 48.3' (34.6-199) 106* (7,05- 299| 

S*Hne 0.07 (0.03-0.66) 0.07 (0.03-0. 1 6) 

6 vi o. h vi g. o v» m: p <0.05./v* c: p - 0.01. e.J*% d. / v« k. p v» 
n. p vt o: p < 0.01 . * J: p - 0.0001 , 



injections with the enhancement of Vi-CT > Vi-CTB (p< 
0.001). The Increment of vaccine-Induced VI antlbodio 
elicited by the adjuvants In o/w over the Vi conjugate! 
alone was the highest In our study. 

S. aureus types 5 and 8 — P. aeruginosa ETA conju- 
gates. S. aureus type 5 and type 8 CP are linear copoi r 
mcrs with a tii saccharide repeat unit containing an 0* 
acetylatcd ManNAcA (1. 18): 

Type 5: -4VJ-o-MAnNAcp*p( 1 -O^-PucNAcpU-^yJo-FiicNAcp;!-. 
I 

Oac 

Type 8: -3yJ.o-ManNAcAp<l -O^-L-FunNAcpt !-3>n-o-FucNAcp(l- 
4 
I 

OAC 

Neither the type 5 nor the type 8 CP alone or with MPt 
or with MPL + o/w elicited serum antibodies (Table Vt} 
Both type 5 and type 8 CP conjugates of ETA elicited i 
rise in scrum antibodies after the first injection audi 
booster response. Addition of MPL to the conjugates en- 
hanced the CP anUbody response (p - 0.001 for type 5- 
ETA and p - 0.0001 for type 8- ETA). Addition of o/w to 
the type 5-ETA conjugate further enhanced the prlmarj 
and secondary anUbody responses to the CP (p - 0.0 U 
This further enhancement, however was not observed 
with the S. aureus type 8-ETA MPL + o/w. 

Addition of MPL to the conjugates enhanced the leve* 
of serum ETA antibodies. The ETA antibody levels elic- 
ited by the conjugates with MPL In o/w were not different 
from those elicited by the conjugates with MPL In saline 

DISCUSSION 

Different proteins and synthetic schemes were used W 
prepare the seven conjugates. The addition, the imrmr 
nogenlclty of the CP differs: for example. Pn6B * 1 
comparatively poor immunogen for mice and mcfl- 
whereas the Vi elicits protective levels of antibodies 
both species (1. 19. 28). Inasmuch as (he adjuvants * 
this study enhanced Pn6 CP antibody production. It * ' 
probable that MPL o/w may serve as an adjuvant f* 
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other PS-protein conjugates. 

The adjuvant effect was less pronounced for Hib-TT 
than for the other conjugates. Although not always sta- 
tistically significant, higher antibody responses were ob- 
served in all the groups receiving these adjuvants com- 
pared to the Hib-TT alone. 

We have used bacterial toxoids as carriers for our con- 
jugates Inasmuch as these proteins may elicit protec- 
tive antibodies, it Is necessary to assay the Immune re- 
sponse to these Ag to ascertain that the adjuvants did not 
exert a deleterious effect on their immunogenlclty. In this 
study, only antibodies to the P. aeruginosa ETA were 
evaluated. MPL In saline or as an o/w enhanced the 
antibody response to ETA compared to the conjugates 
alone. Whereas the MPL o/w was a more effective adju- 
vant for the S. aureus CP antibodies, the ETA antibodies 
were higher in the MPL in saline group. In deciding which 
formulation is more Immunogenic, the effect on the car- 
rier protein will have to be evaluated. 

We have not studied whether administration of MPL 2 
days later exerts an adjuvant effect on PS antibody syn- 
thesis Induced by these conjugates. It is unlikely that any 
regimen for adjuvants, aside from their simultaneous 
administration with the vaccine, would be suitable for 
immunization of humans, especially Infants. In these 
experiments, the MPL o/w or saline was admLxed with 
the conjugate and required some mechanical agitation 
before injection. This procedure Is suitable for immuni- 
zation programs. We have also studied the adjuvant ef- 
fects of MPL In o/w on Shigella dysenteriae type 1-TT, 
planned for clinical evaluation. 3 The MPL + o/w en- 
hanced serum antibody levels in mice to the O-spccific 
polysaccharide of this conjugate after primary and sec- 
ondary immunizations. 

MPL In liposomes or combined with mycobacterial cell 
wall skeleton In o/w emulsions have been evaluated In 
adult volunteers both as adjuvants alone for treatment 
of malignancies or combined with peptidc-protein conju- 
gates as vaccines for malaria (23. 29. 30). No serious side 
effects were encountered In these studies. Young, 
outbred mice have served as a reliable model to compare 
the Immunogenlclty of conjugates to the CP alone (1-3. 
9.17,31). Our data, therefore, support clinical evaluation 
of MPL on the Immunogenlclty of these conjugates In the 
Population at risk. 

*Chu. C. Y.. S, C. Sru. D. C. Watson. J. B. Robbbti. and R. Schncer- 
*°"- Manuscript in preparation. 
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with a iwofold Increase in serum creatinine, followed by death 
from pulmonary oedema. These pathophysiological eventi are 
characteristic of lethal, hypodynamlc sepsis' 2 ". 

Passive Immunization of baboom with anti-cachectln anti- 
body infused 1 h before bacterial challenge conferred benefldal 
cardiovascular effects (Fig. I) but not complete protection 
against critical organ injury (Table 1). In contrast to the controli, 
blood pressure did not fall acutely after bacteraemia, but wai 
maintained by a compensatory increase in heart rate (up to 175 
beats per mln) and cardiac output. Although acute cardiovas- 
cular collapse and shock were not observed, serious renal injury 
did occur, as evidenced by twofold Increases of scrum creatinine 
at 8 h and the development of anuria, f.ach of the baboons 
immunized I h before bacterial challenge developed fatal pul- 
monary oedema. 

Should uniform distribution and tissue penetration of the 
antibody not have occurred within 1 h t we investigated protec- 
tion using earlier passive immunization with antl-cachcctin 
F(ab'),. When antibody was administered 2 h before £ co/(, 
normal blood pressure was maintained during bacteraemia, 
significant tachycardia occurred only transiently, and shock was 
prevented. Neither did vital organ dysfunction occur or renal 
failure develop, and there was no evidence of pulmonary 
oedema. Animals recovered from anaesthesia, were active and 
healthy, and resumed eating within 24 h. No evidence of persist- 
ing sepsis or tissue injury wai observed by physical examination 
or routine complete blood count until the time that animals 
were killed for necropsy. Thus, early passive Immunization with 
monoclonal anti-cachectln antibodies protected against the 
effects of bacterial sepsis. 

These results with anti-cachectln antibodies were not due to 
Increased bacterial clearance In the immunized animals, or to 
bacteriocidal properties of the antibody solution: the viability 
of circulating bacteria 2 h after £ coil infusion was similar in 
the control (3.1 ± 0.5 x Iff CFU per ml) and immunized baboons 
(3.9 ±0.8 x If/ CFU per ml), and decreased comparably in both 
group* within 4h (1.J±0.6x I0 1 CFU per ml). During this 
period, the Inhibition of cachectln by F(ab'), resulted In 
Improved cardiac output, suggesting that cachectln ft necessary 
to provoke septic shock. The administration of F(ab')j alone 
without bacterial challenge did not significantly change blood 
pressure, cardiac output or hormone counter- regulatory release 
over the 10-h monitoring period. Recovery from anaesthesia 
was uneventful, normal activity and food Intake was resumed 
overnight and post-mortem examination wa» normal. The 
improved cardiovascular function in the antibody-treated bac- 
teraemic animals cannot be attributed to differences In hydration 
status, because similar amounts of fluid v.'re administered to 
all animals in accordance with a predetermined protocol (data 
not shown). 

During sepsis, the systemic release of catabotlc stress hor- 
mones in part mediates the maintenance of cardiovascular tone 
and mobilization of host energy stores' 1 . We observed persistent 
increases In circulating adrenaline, noradrenaline, and glucagon 
in all animals succumbing to bacterial challenge (Table 2), but 
early pre-treatmcnt with antibodies blunted the magnitude of 
later (8 h) counter-regulatory hormone responses in all survivors. 
We have previously shown that the infusion of recombinant 
cachectln produces hypotension and diminished cardiac output 
despite endogenous catecholamine production (which would 
normally Increase cardiac output) 10 . As antibody administration 
is associated with improved cardiac output, the present data 
also suggest that sepsis-associated myocardial depression is due 
in part to cachectln. 

It appears then that the normal injurious host responses 
elicited by overwhelming bacteraemia can be prevented if the 
effects of cachectln are blocked. The death of the Infected host 
could result from an ovcrexpression of cachectin during a nor- 
mally beneficial Immune response, somewhat analogous to 
anaphylactic shock, during which protective Immune responses 



are capable of Inducing shock and death. It Is probable that the 
pre vocative toxicity of cachectln arises In part from a direct 
effect on normal tissues, and in part from the release of other 
humoral factors. Complement activation, release of the Inter- 
leuklns, Interferons and platelet-activating factor, and the Induc- 
tion of other cytokines would be expected to amplify end 
broaden the range of host responses'*" \ 

Experimental models of endotoxaemla and sepsis perhaps 
differ from the Indolent and progressive syndrome of multiple 
system organ failure In human patients, but cachectln has been 
Implicated In human Infect Ion b*' 3 '. Levels of cachectln are 
frequently elevated during acute menlglcoccal sepsis, when 
those patients with the highest cachectln levels die . The pro- 
phylactic use of anti-cachectln antibodies In patients at high 
risk for overwhelming Infection could protect against septic 
shock. Further experiments are needed to determine whether 
the administration of anti-cachectln antibodies during persisting 
Infection or Indolent sepals wilt be beneficial. 

The authors wish to thank E. Diane Spurgeon, Robin Solomon 
and He Wei for excellent technical assistance; and Harvey 
Cohen, Thomas Okarma and Patricia Olson for helpful dis- 
cussions. 

IU— >»i4 V A««va<i »imm*4 14 Oumktf |4S7\ 

1. ft»f*. S. t. W.„ CravM. 0 ' * MfC**.. *. A Am. / M** «S. U4. JJ» ( |4M>. 

2. ZWfWf. I. I. H mi N** t*ti I A4W SSft, U3Mi« 1 1*21. 
J. CWWrt, A. P, *r«M *r* m\ J4J-174 (14401. 

4. Sr«t*r, a. A CffwU. A. ***** JM> M4.JU I |444t. 

y swvtivf, a a r*r*»i. a aw £*wi / mm us, »?»..« j ti*rn. 

* TfM*y, K- J„ Coty. t P. A Orwni, A. m TNf mmd JtsfaW (>m«mi. CttA 

Srmm. 111. U.|M IWUrv. U»4m. IWl. 
T, Xnmt, K. J., L**fy, S. F. a i mmi, A. I fc^Wi Ou. tm tfc« (*•***'• 

s. a*«i«, a., mum*. I. w. a CmmI, a. / Immm im, mij.ht? < | wit. 

«. Jnmy, K. J. H mi Arfrwv IM 47S-474 (1*4*1. 

10. TfM*y. K. Inmi h*% D >m,« 04mm (♦< 4IJ-412 { |MT). 

II |w«l«. ■.. MikMi, I. W, A CmMl, A. Sctmn U%. 4*4-41 I <|*4<l. 
II Crymr. f. Hinwia. C. M. A %o4$ t J. Amx 5~» 174. 100 I H?l». 

11. CmIm. 1. *.. HimJu*. L 8, Umdw, C. A„ AtrrH, E.Li OrrmlUM. L. i, LmK I.itu 

A. MI-SM (14711. 
14. Hr— , O. O. «t mi Sm% o m*nm\ 0t**rt It* thm fwl. 

U. L*~rj. I. P.m A dtmntn m H—t Owfnm kitrk*mhm* V«l. 4 (** O.IIU. J. I. A f A. 

ii i**-t«o iiu*««. H*m y»%. imi. 

14. M«C«*. W. R. Nrw fml J *M M. JI-JJ (HT)), 
17. OUcrvH*. C. A ti «t / ftfX *W I4A I41).|450 

15. Owtw, M.. Utm t D. j„ S«4ik. J. 8. A Ufo. A. M. inrarr US. H-mQ ( l«MI. 

IS. ClMMft. S. W . ?t44*~*.t 0, Htmm, f, M. A VmIIH, N. f I fhm. Imvru. *. |«M. | VN 
HMD. 

JO S«wAtfl. t. *«t L~~< t. (l*«4l. 

It, Tr»c«7. i. f* ml .It, I J-1 > t 

}3. H»h4«M««, A. A C*f*«ik. T. Umm t. J*J.)J» I IStTl. 

)). r«e<. I. L J-*i ir"**^ »wi IM. 1-4 I l*TI ». 

14 NHmm, P. I /mmm. 111. 11*4]) 

J5. P*i. - M. f< mi J. tmmwm. 117. JW-JJtl 1 1*441 

». C*r*^a. LiifilNr. «m In USA. 7%, }444.>470 I |V75l. 

27. Pmnmrn. P. O. A P*»Wf. J O. Aw^t Aiir4>w, II. *1 1-4)1 M»TJ|, 

21, A4^ttf-Nn4i. A^ Hw w il , C. M. A U«f«r. A. H. £».*■>■ ■ It, 7I7.T3J 1 14*4». 



y Interferon. CD8* T cells and 
antibodies required for 
immunity to malaria sporozoites 



Loss hi Schofl«Id*, Jalrn* VHIa^sjIraii*, Arturo Ferrelrat, 
Hosib SchcllckcsMt, Rsjth Nutaeniwelg* 
4% Vktor Nsmmiwtrgt 

Departments of Medical and Molecular Parasitology*, and 
Pathotoivt, New York University School of Medicine, New York, 
New York 10016. USA 

t Primate Center TNO. W)iw|jk, The Netherisndi 



This sta^y was 4esJcsM4j to feet the kypothesJs that T-cell effect or 
wxesiaahaaa are reavlred for protective lasmaalry to malaria 
sforozoltesu Adaalatatratio« of •evtrallxlag KK>4K>clo4ial aatlbodles 
afaiaat y is* erf era (y!FN) to Iwateae aoata, reverse a 1 stertte 
Immaalty to saororot'te challenge, by a I lowing the growtk of 



•LETTERS TO fWTURE- 



t K- nt^ 1>l k fMM (tir) M< riMM tStt <Hlliyilt Of p*V 

ai ts I mi a. !■■ hash afcee iii ilsaii sWeetiaei ■ wwasi SialiHd 

•a Wm at (Mr ■ppriii u /cyt^xk T crib rtorW-e. rft» CO« 
eerttgeei (CDaT) be* mi «4m J a aliti J a* Mf«r T e^b tyimln 
CD4 MdfM (CDO MW« apareoette c*»ttee«je. rHeatte trwMftr 
•T Immi laa u ai g lsgai aloe*, or ad apt ! i a traeafer ef Immm 
T otiss a foe*, aeai re rra d partial ae**eetie« to retlalsaU. 
TiWer * m* Nmn nt f. mti ranM hi stgsrtceeety 
P«Mr swwtextie*. Tfc4a trswef erred hamate? »w reversed by *** 
a*t*altea<ie« W ylFN. The*, .terlle My t* 
> P ,,,ilN « <^l*ee*se t^m the aewtralfxatie* ef apareaertea by 
eerfibediea e*d cm srttetle* ef EEF d s nh aassa t by ylFN wit* 

IM MftidM^M * CM' telle. 

Vaocinatlon of hosts with attenuated malaria sporatoitee oon- 
fen protective Immunity to viable sporoioita challenge'. Thli 
immunity li mediated In part by antibodies to tha circum- 
sporoxoite <CS) protein 1 * 4 . Ai Immunity can be induced In B-cell 
depleted mica*, however. T calls may alto contribute to protec- 
tion. It If* difficult, howavar. to envisage callular mechanisms 
which could neutralise a large iporotoila Inoculum In (ha ihofl 
tlma before hepatocyte invasion. 

Recent studies show that a noval T-call madletad (mm una 
machanism may act not against sporoxoites, but against tha 
developing liver-stage parasitat: racomblnant ylFN at vary low 
concentrations Inhibits tha davalopmam of EEF within 
hapatocytaa, in rfco**' and in vitro*, tn this study, wa tested tha 
hypothaais that ylFN, released from sensltixed T oaUi_dudhi 
sporoxoite challan|a f Inhibits thejtevejopment of EEF, and It 
required for sterile Immunity. We alto investigated whether 
halpar or cytotoxic T calls ara raqulrad for Immunity to 
sporoxoite challenge. 

lmmunTia<f rati wara challenged with Plasmodium btrfhH 
iporoxoJtts. Following challanga, tha animaft received either 
monoclonal antibody (mAb) DB-I, which neutralise* ret and 
mouta ylFN , or an Irralavam control mAb. Aftar 44 h tha laval 
of EEF davalopmam was daiarminad by DNA hybr^dlxatlon , ^ 
As shown in Fig. I, naiva animals ratal vlng DR-I or tha control 
mAb showed similar high lavelt of EEF growth. As ax pact ad, 
immunized anlmait receiving tha Irrelevant mAb ihowad no 
datactabla lavalt of EEF DNA. Immunized animals receiving 
mAb DB-1, however, showed substantial levels of EEF develop- 
ment, that It, 43.3% of control lavelt with inocula of 2.5 x to* 
or 3 x 10* sporoxoites. A similar proportion of EEF was rescued 
from dettruction endogenous ylFN activity in Immune hotu 
when DB-I was' edmln.stered 2.3 h after challanga. As 
sporoxoitas can Invade rwpetocyte* within 2 mln of Inocula- 
tlon", and ara cleared from the circulation within 30mln , \ tha 
targets of endogenous ylFN are Indeed the developing 
intra hepatoevtic EEF. 

We extended our experiments to determine whether in vivo 
neutralization of ylFN, or In vivo depletion of Immune T cells, 
would reverse sterile immunity and allow tha development of 
blood-stage parasltet. Mice that had bean Immunized according 
to established protocols remained protected when challenged 
with 3 x 10* P. 6cqr*ei tporozoltee, followed by 1 mg of Irrelevant 
control mAb. Blood- stage Infection, however, developed In 
Immunized animalt that received I mg of mAb DB-I either 
Immediately or 2.5 li after challenge {Table 1 , Expt I ). In another 
experiment, mice which had been hyperimmunlzed with 
repealed injections of largr numbers of X-!rradlated sporoxoite* 
resisted challenga dote* of 2x iC-Ux 10' sporozoite*. In 

P " ri,, !li" f 2i rimenUl ,foup * rfC,iv,n « DB -I •ft" challenge with 
1.5 xto 5 . 10 s or 3x10* sporozoltet, most animals developed 
blood-ttage parasltaemla. Tha antl-sporozoftt-antfbody litres In 
the hyperimmunlzed groups were high (24,376) which may 
account for their resistance to the lower challanga dote of 2 x |f/ 
sporozoitrt (Tabla I, Expt 2), 

ylFN can be produced by helper and suppressor/ cytotoxic 
T ceils. To determine if either T-cell subset is involved in 
mediating protection, groups of immunized mice received MAb* 
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*Hth lytic activity for CD4* or CDT T oells ,, . At shown In 
Tabla 2, tha elimination of CDT T cells In fully Immune animals 
randertd them susceptible to challenge with 5 x ICr* sporosoite*. 
In contrast, destruction of CD4* T cells did not reverse hoet 
Immunity, 

Pateive and •doptiva tranaftr experiment s wara undertaken 

to clarify the relative contributions of humoral and cellular 
mechanisms to protective immunity. Naive mice receivod 
purified IgO or splenic T lymphocytes from Immune or naive 
donor*, or a combination of immune IgO and T cell*. In contrast 
to previoua studies 14 '", the mice did not receive booster 
Immunizations with Irradiated sporoxoitaa after transfer of 
tpleen cells. A* shown In Tabla 3, control mice which received 
either nonimmune IgO or naive T lymphocytes toon developed 
parasltaemla. Those receiving Immune IgO alone, or Immune 
T lymphocjt:. alone, were partially protected against Infection, 
that Is, tha prtpatant period was significantly prolonged. Indicat- 
ing • substantial reduction In the Infeotlvity of sporoxoites or 
in tha development of EEF. Mice receiving both Immune IgO 
and immune T lymphocytes showed the greatest degree of pro- 
tection (60%). This transferred Immunity was reversed by 
administration of mAb DB-I to recipients (f < 0.001). Clearly, 
challenge with a small number of sporozoites (10*), similar to 
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Depletion of COT, bet not CD4\ T cells reverses Immunity to 
ipofoeoUe challenge. Immune snlmsls were inoculsted Intravenously 
with mAb* with lytic activity tgalnrt C0€* or CW T celH, or DB-I. 
•nd were cheM««iged with 5* I0 1 f. aerr>W tporatoliet. The degree of 
T-otll lubtet depletion M oivo wt determined by surface Immuno* 
fi von sconce ausy on tpknk lymphocytes from persllel T<rll depleted 
•nd control animals (92% and 94% depletion for CW and CD4* 
lutrtets, mpectlvely ). 
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Donor A/ J mk» were immanlxad with X*lrradlated aporoaoltaa. 
Afflnlty-parinad tarum IgO and ipltnic T lymphocyte* (2 x 10 1 ) pvrifted 
on Lymphocyte M*»eparatlon medium (Accurate), followed by panning 
on amnlly*puriffed goat antl-mouie lgO<coeted platet, were iaoculeted 
Intravenouely Into naive recipient A/ J mlot M h before chatlmei with 
\0> (Eftpt I) of 13x10* (Eipt 2) viable sporototte*, torn* gmpe 
received mAb DaVI, Of control mAb, Immediately following challenge. 
Patency ind antibody litre* were determined m described (Tebte I). 
Companion of control and treatment group* w*t by Kntaxal- wattle 
teat (f <0.01). r*< 0.001 for oomparlion of the dlflerencee In patency 
between recipients of both Immurvt antlbodle* and Immurvt T cefle, and 
recipients of Immune sntlbodlet, Immurvt T otIU and mAb DaVI, by 
Mann-Whltrvty (Wllcoxon) test. 



that inoculated by tha bita of Infeotad moequltoaa, li suftdent 
to induoe • y!FN response (Tibli 3, expt I). 

CDt* T otllt may exert thalr effect In two ways, Thty may 
rttpond to tha pretentatlon of parasite anttgane In the context 
of Claaa I major histocompatibility complex (MHC) gly. 
coprotdna with tha production of ylFN which than acts In a 
hormonal fashion against EEF. Binding of tha lymphbkJno to 
surface receptors on Infected hepatocytea dettroyt EEF in vitro 
without the panldpatlon of Immune effector cells'. In support 
of this Irrterprtutlon, the protection afforded by adoptive t rant- 
ret of splenic T oelli wu rtvertad by mAb DB-1 (Table )). In 
addition CDf* T otIU may be directly cytotoxic for infected 
hepatocytea which prettnt procaisad antigens of sporoxolte or 
EEF origin. 

Although tome sporozoltet can evade tml-sporoxoite antl- 
bodlee and become established within the hoet liver (Fig, 1), 
y!FN alone may not be auffldtnt to provide sterile Immunity, 
as very high levels are required to eradicate EEF*"\ Thue, 
whereu each component mty ba Insufficient to mediate com- 
plete protection, they can tot additlvely (Table J). In another 
study, rvdenu were Immunised with • lynthttlo peptide oorra* 
i ponding to tha repeat domain of the CS protein of P. oerg 
High levcii of ami bod let to tporoxoltet were Induced without 
detectable peptide-spadAc cellular responses. Extensive protec- 
tion wat obttrved upon challenge with a amaJt number of 
sporoxoltet". Thu» the relative contribution of humoral and 
cellular mechanismi to sporoxolte/ EEF Immunity depends upon 
the interaction of at least three varlablet, namely the tltre of 
neutralizing antibodies, the degree and type of cellular ret pome 
to parulte antigen and the challenge dote of viable sporoxoltet 
Itself, and will therefore very with choice of antigen and method 
of vacd nation. 

A* In vivo deatntctlon of CD4* T oella did not affea hott 
immunity, and CCMMnuct, CDt*-d«ltttd animals were sutctp- 
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Tlma of mAb 
0 0 I.I edmJnlttratlon (nl 

fig. I Endoatnoai ylr^lnhlbfudtvalopmem of BEPIn Immune 
hoau. lUu Immunlstd with four doaea of \Q* X-lrradlated 
tporoaoHea of P. aargnei, at biweealy Intarvata, were chaJtenatd 
afW three weata with 15 x 10* Of 3 M tO 4 'ooroeoitea. Immediately 
or 2j h later, anlmah reotlvtd an Intra ve no ua Inoculation of I mg 
of mAb DaVI, or a control MAb, EEF-DNA levels were determined 
eftar 44 h, u deacribad 1 *. Data are mean value* from Ave animals 
*i.d. □, Naive plus Dg-l; naive p^ys control mAb; a^, Imman- 
Ited plus DM; Immunlxed plus comrol mAb. 



tibia to challenge, tha MHC Claaa II rettrlcted T-heloer epitopat 
required for antibody production to tha CS protein' 7 ** art not 
•ufAdem to prima T calls for ylFN medlatad protaotkm. CD%* 
oalla rtoognUe MHC Claaa I reetrkxad apitopaa, which may ba 
strucruraJly died net Our reeulta suggeat that affecdva human 
malaria iporoaoha vaodnat will require tha Incorporation of 
synthatic peptide or raooni bi nam' protain analoauae of paraaita 
B, T-haipar, and T-cytocytoxk epitopaa, oapable of Indudng 
high titraa of natrtraJUing amibodlee to tha CS protdn, and of 
•ansi tixing T-cell subeau that ret pond with tha production of 
ylFN to parasite antlgana praaanted during natural iporocoita 
challanga. 

Wa are grateful to Drs S. Waeatrman, University of Maryland, 
a*»d 5am Werthdmer, New York Unlvaralty, for help with tha 
stattetkaJ analytaa. This retaarch was supported by tha Agamcy 
for International Davalopmant, tha NIH and tha MacArthur 
Foundation. 
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CD8 + T cells (cytotoxic/iuppretsora) are required for protection in 
mice immunized with malaria sporozoites 
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In the lift cycie of the malaria parasite, sporoxoitea pass 
from the moequito through the blood of the hotl and invade 
liver ceils when they develop Into hepeiic-etee* par*****. 
Later, mature parasite* are rais es ad from the Uver to mvade 
erythrocyte*. Whoa sporoxoHee ere experimentally (nidi- 
aled. they attfl invade liver ceils but they ar« unable to 
mature to the «*ee that Infects erythrocytes (1). Immuniza- 
tion with irradiated sporoxoites can proteu mka against 
Infection with several thousand aporoxoite* (2). Humans can 
alto ba successfully Immunised with Irradiated sporoxoitss 
(3, 4) t but uat of attenuated parasites a* a vaccine Is 
impractical. A current tporoxoite vaccina strategy b to 
Induce antibodies against the cantral repetitive sequence of 
the cJrcunuooroxoite (C5) protein, which covart tha tpon> 
zolte surface (3-7). Several recent trials of such vaccinal la 
humans (S, 9) and mica (10, 11) hava had limHad success. 
This suggesti that humoral immunity may ba lass important 
than previously thought and that cailular immunity may ba 
critical for a NghJy cfTactiva vaccine (10, 12, 13). Indead. 
jt-tuppresscd mka, which lack B oafts and circulating immu- 
rwgiobulins, can ba i mm un i iad with iporoxoites (14), dem- 
onstrating that T call • are sufficient for sporoxoits mvrnmrty. 

In thit paper wa dissect the T<aU response to meiark 
sporoxoites by depleting immune mioe of T osUi carrying 
either the CD4 or CD# surface molecule. CD4 and CM, 
previously referred to in the mouse as L3T4 and Lytf, 
respectively, are moiecuks that function together with tha 
T<ell receptor complex (13, 16). Outside of the thymus, 
moti C edit carry only one of these moiecuies that restrict 
T-cell activation. T ceils carrying the CD« moiecuie can only 
be activated by antigens presented along with class 1 major 
histocompatibility compiex (MHC) moiecuies, whereas T 
celli bearing the CD4 moiecuie are activated by antigens 



Tha pueUcatto* ooati of taia arttcta ware esnayed hi part by page caaraa 
paymaal, TWt artkla iwk tfwwVi ba aaraby l arfcad "W^c^T£^^•*n•/ , * 
h acconlanca wfch II U.S.C. I17W *oMy to Udfcata (hit (act. 



•Jong with daas II MHC moiecuies (17). In animals. CD4V 
baariag T oallt function mamiy as T-haipar ceili, whereas 
CDa^earmg T calls are mainly cytotoxic and suppressor 
cells (II). The In Ww Injection of monoclonal antibodies to 
CDi or CD4 raauhs in tha almoat oompiete depletion of T 
cads with these marten from the spieen and lymph nodes 
(19). We hava usad these antibodies to eliminate T<*ti 
subsets in mice immune to malaria sporoxoftrt to datarmine 
which T odls are responsible for anti-tporoxoite Immunity. 



MATOUALB AND METHODS 

Mass. BALB/c and athymk mioe were purchased from 
Charks River Branding Laboratories. 

• fi r iiisi n , Hmsmodtmm yotiU (17X NL) sp o rex or u n in 
Amophtki $t*phtn*l nwaquxtoas were harvested 14-16 days 
after an infectious Wood mad. Harvesting was by a modifi- 
cation of tha method of Oxald ti mi (20). Thirty to 60 
moequrtoas wen anesthatixad with chloroform and placed 
on a giaae slide in a drop of medium 199 with 3% mouse 
serum. The abdomen was held with fma forceps, and the 
thorax of each mosquito waa cut Just anterior to tha wing. 
Tha coflectioa of upper bodies without further preparation 
was than spun through giaae wool according to tha published 
method. After counting in a hemacy to me te r, s p oroxoh a a 
ware diluted to final concentration in medium 199 with 391 
mouse serum. 

Aasxbeeasa. Moaoctooal antibodies ware produced m 
ascites fluid of athymk mioe and of BALB/c mice treated 
with cortisone and irradiation (21). Anti-CDI antibody came 
from the *nU-Lyt2.2 hybridoma 19/171 (mouee Ig02a) (22). 
AntKXM antibody came from tha anti.L3T4 dona OKI J 
(rat Ig02b) (23). A control antibody came from tha enti- 
rU$moSmm fmkipmnm gamete done 1B3 (mouse Ig02m) 
(45). Control rat In mr unc u j tobuiln was from normal rat serum 
purchased from Accurate Chemical and Scientific (West- 
bury, NY). All inmrooiJoburm* ware purified by 5096 
■mm oni u m sulfate prodpitaboa. The ret anti-CD4 andbody 
and rat serum immunoglobulin ware further purified over an 
afmm*jwrtene*) column. Pinal antibody conoentrations ware 
oe ta r mh >> d by optical density or by eruryme^mked Immuno- 
sorbent assay (ELISA). 

iaaasaaaaassan rraascet. Mice a-^n waacs oas ware imoNh 
nixad with three or four doaes of live spororoHes that had 
received irradiation (10,000 rads; 1 red - 0.01 grey) from a 
irt C% source. The flrst knrmmization was of 73,000 sporo- 
xohes; subsequent immuniradons ware of 20,000 sporo- 
xoites given at 2- to 4-week mtervaJs. All mununitatioat 
were administerad into a tail vein. Two to 4 weeks after the 
final imtrninixsiion, animals were chall e nge d with 5000 tn- 



AbbreviBtiom: CS, circuaMporocoite; IPA, indirect kwaaasofko- 
rnotaoe antibody; SRBC, thaap arytarocyta(i); PPC. paaaat- 
fonmas catKi); MHC, maior hi uoco ayatibimy ooaaplax; FMF, 
flow cnicnifluorovMtry; FTTC, flaoraaoain bofthiocyantte. 
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i for 14 day*. This is t large dose, 
as the iniectioa of 30 * roW* yoroio^ causes lectio* 
half of Om dM fa Miml ■*». Seventy-two of 74 aaemeis 



v „ spo mcofc e fae aamU o d ance were 

t**oeptJoie lo infection by transfusion of A\ jwr W Iafoc te d 
Wood. Thnee anaauae MfaMh were then ttS*d within 2-4 
weaka fa the etadles 4noiM below. 
L jaissnjii Dipliiie Preset* Per CM* Torf oeoie- 



gafag wtn fc aji ctsd bstrspeckonaaUy (l.p.) with 

1 m$ of «MKDi antibody tor 2 successive days aad then 
cfcalftaaaod wkh 5000 infec ti o u s spor oxoko s by way of thi 
tail vnia 2 days later. As a control group, another mi of 
Immmm mice received 1 mg of noon Ig02a on the mm 
schedule. For CD4+ oofl depletion, inaetune mice received 

0. 5 sag of aati-CD4 Mdbody l.p. for I days aad were 
ch aiiagsd with 5000 sporoso fco a 2 days fetor. Theee mice 
received additional Injections of 0.5 mg of anti-CD4 every J 

days. A control group of I mk* received 0.5 mg of rat 

i mnw jaogiobsn fa oo (Im mm echadule. 

Flew Mfaesaasfnassarr (FMF). The following reaasnts 
were need: ffcoreecein feot!Uocymto4»4ufttod (FITC) 
asro^Thvl.2 (24) (T*spoat/Ntw BagUad Nuclear); foot aati- 
mouee tg02» FITC (Southern Biotechnology, BMf^hm, 
AL); mourn a d s oib o d goal snd-rat imawnogkobulfa FTTC 
(Kierkagaard Md Perry, Gss^hersburg, MD); biotinytated 
antKX* (done 53-6.5) (24) (Bocton Dickinson); Texas 
rw*«vidfa and biotfayfased enti-CD4 (done H 129. 19) (25), 
gtftiof B. J. Powtkee, A FACS-440 flow cytometer (Barton 
Dickinson) wn used for reading one- Mid two-cotor-»utm>d 
wapfas. Sofaoo coOt from MKlbody-<rM(od mk* w«ro «x- 
M>faidbyFMFu>ojyMidtM*T<*IJ<k^ Aiwmitwort 
Mcrtflcttd foOowing trMtmoiK Mm (/) it Um tlmt of chtl- 
Wngi, ((0 wbm pomfcot tppowMi hi tho p«HpfMr«l blood, 
or (W0 11 doyt WUr dwifangi If tolmtlt wtn proUcud. 
Sjngfa-coky FMF wn porforoMd by utinj tnti-CM (dooi 
19/171) foOowod by goal mn^moum lg02a FTTC or tnti- 
CXMjdono OK1.5) fottowwl by goot •ml-rmt Immonoglobv- 
H« FIT C. Tw o-color FMF was porlbrmod by utiraj ami* 
Thyl.2 FTTC (grew channel) and dthtr biotinyiatod antl- 
CDi or Motfaylatod ami-CD4 with Texaa red-avidin (red 
channeO. 

rfeiai Piraafag Ca« (FTC) Aaaty. Mica ware Immunized 

1. p, wHh 0.2 ml of a 10% sutpentkxi of iheep erythrocytct 
(SRBQ. Thay wara killed 4 day* later, and PFC utayi were 
performed according to ftandard methods (26). 

a arila g y. All animals were bled for aerum after monoclo- 
nal antibody treatment on the day before tporozohe chai- 
fangi. Sera were titerad by ELI3A (11) against a synthetic 
M mt Uiw acid peptide, (Oln-Oly-Pro-Oly-AU-Pro) 4 , corre. 
spondmg to four copies of the yotttl CS protein 6-amino 
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P o ol e d sen were Also aaeeyed by fadirsct 
aatibody aaaay (1FA) sa^faet air-oVied P. 

07). 

Thfa Wood (Bsm were taken defly starting on 
tao third or foarth day afW sporoaoha chalfanga. Blood 
flams ware Osaaaaa stained and 50 oft^KMnarsion neidt wore 
scs^ d forparaastes. Mice were oc^esdere d to be protected 
if no parasites were detected by day 11 alter chaJWnje. 

MOULTS 

hi two s i ps ra asa U we observed that to vho oepletkM of 
CM T ceils coaapsstery sboMshs d sporoaosto kamuorty 
(Table 1). la the first experamat aab-CM andbooV<raatad 
aaicahadasaghtryinsaMtiaMlod^ 
dtdooatroi snlmsii . la the second e^eraneat no soch delay 
was obaarvad. with treated and ooatrot asamals dVveioping 
oa day 5 (medfaa). la oootraat, all 
i traatad with aaoVCD4 antibodfaa were stlfl 
t uaa reoarreo control aatioooies 
were also protected from sr-xoroite chaJfenge. Ami- 
sporocoite mtibedy bears by EL13A and IFA were similar in 
traatad and control ananais (Tabse 2). 

FMF analysis was perfonaod lo aaanthate T-cafl depie- 
tioa (Fig. 1). AfttmaJ* were sswraVed and apleoa cells were 
takea either at the time of cbaOeags or fbOowmg sporoxoite 
chaOenae aad mis lament of Inawainity. The extent of immu- 
nodeoietion was the same at both time points. Aa average of 
94% of CDO' T ceils was removed following anti-CDt 
antibody treatment, and aa average of97%ofCD4» T ceils 
wa* removed following treatment with anti-CD4 aotmody. 
Neither antibody depleted T cells of the other pheootype. 

Becaoae oeptotkM of CD4* T oeila had no effect oa 
Immunity, we wished to eeeeta T-heleer ceil taction in the 
depleted mice. Airti-CD4-treatad mice, normal mice, and 
nude mice were given 3RBC l.p., and 4 days later PFC 
responses were measured In spleens. As shown m Tabfe 3, 

Table 2. EffWct of fewnimodapieooa oa snti^poroccite sntibodits 



statttt 


Traatmsnt 


IFA 


Median 


BU3A 
Range 


Normal 


None 


<1:10 


<1:16 


NO 


Ititewiftt 


None 


1:560 


1:256 


1-64-1:1024 


ImnttiM 


AnO^CDO mom If02a 


1:560 


1:512 


1:31-1:1024 


ImRWM 


Control mouse Ig02a 


1:560 


1:256 


1:12S-1:1024 


Inununs 


AMKD4 rat lg02b 


1:210 


1:256 


1:12S-1:1024 


Immune Control rat ttrum Ig 


1:560 


1:512 


1:256-1:1024 



Strum was uken ths dsy 
aidmaii bi sxpsriment 2, Tabls 1 
••rum templet. 5L15A was 
srs thown at ths medUn and ranee 



spofocoite chsilengs from 
(PA was performed oa pooled * 

on each serum, and rewtts 
for each group. NO, not dons. 
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ln|octad with 
andC04 
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CD4' €•*(• 


F 

CCM' t«U 




1 I 






tfet 



antl-Thy 1.2 log* Groan FL 



F10. 1 Sp*ctn mIIi from •poro- 
loJte-lmmunirad mk« (TaWa I, 
experiment 7) analyzed by two- 
color FMF. M) No antJ.T<etl 
treatment, itaJnad fc* CM and 
Thyl. CDi * calli art present. iB) 
Sama %AmpU ai A, MaJnad (or 
CW and Thyl. CD4* cctli art 
praatm. (O Treated with antl- 
CDS antibody. KaJnod for CDH 
and Thyl on lha day iporocoitci 
produced a dataclabla parult- 
•mla. CW calli arv dcpklsd 
it)) Sam* ta/npk ai C. itaJncd for 
Cm and T.yl. CD4* celli are 
prtaent. (£1 Treated with anil- 
CCM antibody, tuUrwd for CM 
and Thyl. 11 dayi a/Ur tporo- 
xoitf Inoculation. CCM * c«IU art 
prtMnt. in Sarna aampk ai £, 
itained for CD4 and Thy 1. CCM * 
cclli arc depleted, but anlmaJi did 
not develop p#*«iitcmla. FL. 
fluorescence. 



the PFC (IgM) responses of mice injected with antf-CD4 
were below those of uninjected mice and were comparable to 
PFC re* ponies of nude mice, confirming that T-helner cell 
function wai absent. 

DISCUSSION 

Our data indicate that the CDS * subset of T cells ts 
necessary for the protection of sporozoue-immunlzed mice 
against a challenge of 5000 infectious sporozoites. In con- 
trail, another major subset, the CD4 * T cells, is not 
required for a protective response in previously Immune 
animals. These conclusions come from depleting live ani- 
mals of T<ell subsets by using Injections of monoclonal 
antibodies specific for known T-cell- surface molecules. 
OD8* T cells have primarily cytotoxic and suppressor cell 
functions, whereas CD4* T cells function primarily as 
T-helper cells (17. 18). Injection of mice with antibody to 
CDS removes CDS * T cells (19) and has been shown to halt 
the rejection of tumors (28) and to interfere with the clear- 
ance of viral infections (29). Injection of antibody to CD4 
clears CD4 * T cells (19) and prevents dclayed-iype hyper- 
sensitivity responses (30) and antibody production to T- 
dependent antigens (31). As it is difficult to imagine how 
depleting a suppressor cell could reduce an immune re- 
sponse, we believe the critical CDS* T cells depicted in 
these experiments are cytotoxic T cells. 

How could cytotoxic T cells kill malaria parasite* in 
sporozoite-immunized mice? T cells recognize antigens only 
after they have been processed and presented on cell sur- 



Tab* J. KfTect of anti-CD* antibody treatment on the PFC 
(UM) response to SRBC 







CCM * 




PFC 






iple oocytes. 


Per 10* 


Per 


Mice 


Treatment 


% 


cells 


tpJeen 


BALB/c 


None 


26.2 


1364 


261.141 


HAI.B/c 


Antl-CLM 


0.4 


13 


2.025 


Athymic 


None 


2.V 


6ft 


4,461 



The reaulli are the averages of two BAl.B/c mice without 
treatment, five BALB/c mice with antl-ClM treatment, and two 
athymk nude mice. The percentage of apknocytet that wai CLM * 
wit calculated by tingle-color FMF. 



faces along with MHC molecules (32). Thus, T cells cannot 
act directly on (he free-swimming aporozoJte but respond to 
parasites after sporozoites enter host cells and processed 
parasite antigens arc displayed on the cell membrane. CDS * 
T cells can only be activated by cells bearing class J MHC 
molecules, whereas CD4 * T cells are reitrkted by ctairll 
MHC molecules (IS). Since hepatocyte* carry only class I 
MHC molecules (33) they can present parasite antigens only 
to CDS* T cells. CDS* T cells could kill infected hepa- 
tocytes by classic cell-cell cytotoxic mcchanisnrs or by the 
local reJeaae of lymphoklnes. Interferon y Is known to kill 
hepatic-stage parasites (34-37) and It made by CDS * f celli 
(38). Although CD4* T relit can make Interferon y, they 
would not be triggered by the Infected hepatocytet, whkh do 
not carry class II MHC molecules. This la consistent with 
our observation that antl-CD4 treatment does not alter the 
effector response of Immune mice. 

If we wish to stimulate cellular response* with a synthetic 
antl-spo -nzoite vaccine, the first task is to Identify the 
paras* 'e r'/ j tens recognized by CD6* T cells. These anti- 
gens must ha**. J- -en presented to the host during immuni- 
zation with irradiated sporozoites. However, they need not 
be from the CS or other sporozoJtc proteins and may be 
liver-stage antigens (I. 39). From indirect evidence, we 
speculate that the CS protein Is indeed the target for the 
effector T cells. Any parasite antigen on the hepatocytc 
surface recognized by cytotox J c cells would be expected to 
come under selective pressure, - crashes expressing mu- 
tations within these T epitopes woukJ not be recognized and 
killed. A comparison of four sequences of the CS protein 
from different clones of P. falciparum (40) reveals that the 
polymorphic segments of the molecule correspond to the 
human immunodominant T<ell epitopes (44). This implies 
that these epitopes arc important Co parasite survival, and 
they may be the target antigens for cytotoxic T cells. 

CDS* T cells are necessary for effector immunity in 
sporozrrite-immunized animals, but alone they may not 
provide the optimal immune response. Ultimately, the best 
vaccine may induce humoral and T-cell Immunity. Since 
cytotoxic T cells are generally not activated by exogenous 
protein antigens (32, 41, 42), other approaches such as 
recombinant viruses or liposomes (43) may need to be tried 
If synihetic vaccines are to mimic «he cellular Immrnlty 
stimulated by irradiated sporozoites. 
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[57] ABSTRACT 

Vaccines are provided which are composed of (a) non- 
toxic and highly effective adjuvants obtained from mi- 
crobial sources, together with (b) tumor antigens. A 
wide variety of antigens can be employed in the vac- 
cines and include, antigens obtained from tumors or 
cultures of tumor cells, such as ovarian cancers, melano- 
mas, colorectal cancers, pancreatic cancers, renal can- 
cers and the like. By adding tumor antigens to potent 
but non-toxic immunostimulants, a protective and last- 
ing tumor immunity can be obtained. 
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1 2 

VACONECONTA^TUMORANnCENSAND 

ADJUVAOTS 0 f lhc ReGI-TDM combination led to high rates of 

. .... ... permanent regression and development of systemic 

Thusappl^^^^ 3 immunity against a challenge with line-10 tumorv 

p .cat.cn Ser. No 852.120 now U S- 4,806,352 filed Apr. Tumor regression with ReG 1 -f TDM or CWS + TDM 
15, 1986 and whjch is incorporated hereby by reference. Md moic advanccd tumors couId bc trcatcd wj(h 
FIELD OF THE INVENTION greater success. 

-tt.' i . , 1° a paper by Dr. J. L. Cantrell ct al aDoearinc in 

Th.s uivenuon relate ,n generd, to tumor vaccines. 10 Cancer Research 39. 1159-1167. April (1979) it wis 
In one aspect, thus mvent.on ,s directed to a vaccine disclo5cd that a COmbinat j 0n £ "J ^ "™ 

composed of non-toxic and highly efTective ad u van is m „nnih^rnn V kJm it ?• cncmomcra P y 4110 ! m 
from microbial sources and turgor associated antigens. ^ iTSSfalS ~ u, causing re gress.on 

In a further aspect, this invention is directed to a pro- ° f *? " tab,l3hcd " «» "nice, whereas c.thcr treat- 
cess for the Reparation of tumor vaccines and lo * 15 ZTJ^T^fT" ,hU Ttt^ '"J 
method for their use in the treatment and prevention of ^ T 7°^ mJeCU ° n ° f KCl .-extracted 
tumor, by enhancing the efficiency of immunogenic f" '""V 1,1 O' 1 ""-^' «n«lwon» with or with- 

tumor antigen* ■ out trehalose dimycolate. 

Also in U.S. Pat Nos. 4,436.727 and 4.505,903 vari- 
BACKO ROUND OF THE INVENTION 2Q ous combinations of refined detoxified endotoxin or 
Endotoxin has been recognized over the last ninety M pyri< * ihc , Solublc cxtracU of "^roorganisms 

yean as a potent immunoactivator. W. B. Coley re- W * th «" wal1 ^eleton and/or trehalose dimycolate 
ported in Ann. Su/y. 14 199 (1891) the use of "Bacterial Wcfc dlscIoscd " ™ *be treatment of can- 

Toxins" in cancer treatment. It was also reported in Cerous lumors * However, prior to the present invention. 
JAMA 54 250 (1919) that the cure rate in inoperable 25 immunothcra Py w " performed with biological rc- 
pab'ents utilizing such a mixed microbial vaccine was 3p ° ns< raodir,crs ' M non-specific immunotherapy or 
4-7 percent. Endotoxin extracts were subsequently stud- wilh tumor "^gena However, non-specific im- 

ied in several animal models. Gratia and Linx in Comp. munotherapy had only a short effect on tumors and 
Rend Sec De BioL\0%: 427 (1931) described hemor- tumor antigens were low in immunogenicity. In addi- 
rhagic necroaii and concommiunt tumor regression in a 30 tion ' tnc ac Jjuvants previously available for use in 
transplantable Uposarcoma model in guinea pigs. Other Human vaccine had low activity, and hence the immu- 
rodent tumor models followed: sarcoma 180 in mice notberapy was not entirely satisfactory. Thus, while 
(Shwartzman* G. and MichaiJovsky. N„ Prxx. Soc Exp. theTe is considerable prior art on adjuvants and on 
Biol Med. 29: 737 (1932)). Ehrltch carcinomas in mice tumor antigens, there is no prior art on the use of non- 
(Berendt, M. J. and North, R. J., Exp. Med., 151: 69 35 l °" c biological adjuvants to enhance protective immu- 
(1980)), and transplantable tumors in rats (Berendt, M. ""ty wncn used in combination with tumor antigens. 
J. and North, R. J., private communication.). Therefore, what was needed was a potent but non-toxic 

Recent work on the observation of tumor necrosis in immunostiraulant which could bc utilized in conjunc- 
endotoxin-treated animals indicates that the endotoxic " on "nth tumor associated antigens to provide a protcc- 
fraction itself may not be directly responsible for nccro- 40 l * vc ^ lasting tumor immunity, 
sis (Carswell, E. A., Old, L. J., Kassel. R. L., Green, S.. Accordingly, one or more of the following objects 
Liore, N. f and Williamson, B., Proc Nat* I Acad ScL wil1 be achieved by the practice of this invention. It is 
USA 72: 3666 (1975)). Instead, necrosis formation may 411 object of this invention to provide a vaccine which is 
be mediated by a factor termed tumor necrosis factor effective in thie treatment and prevention of tumors. 
(TNF) which has been isolated from mice previously 45 Another object of this invention is to provide a vaccine 
stimulated by macrophage activators such as BCG, C comprised of non-toxic and highly efTective adjuvants 
parvum or zymosan. In addition, TNF has been shown fr° ra microbial sources and tumor antigens. A further 
to be cytotoxic against certain tumor lines in vitro, and object of this invention is to provide a method for en- 
antitumor activity has been ascribed to this substance in hancing the antitumor activity of immunogenic tumor 
vivo. 50 antigens. Another object of this invention is to provide 

Prior to the present invention and during a search for a process for the preparation of tumor vaccines. A still 
microbial components having antitumor activity, it was further object is to provide a process for the preparation 
found that when certain preparations of endotoxin were of tumor vaccines comprised of adjuvants and tumor 
combined with trehalose dimycolate (TDM) and oil antigens. Another object is to provide a process for the 
droplets and injected into established malignant line-10 55 preparation of vaccines comprised of refined, detoxified 
tumors in Strain 2 guinea pigs, a high rate of cures and endotoxins and tumor antigens. A further object is to 
systemic tumor immunity developed. This led to a provide a method for using the vaccines in the treat- 
rein vest igation of the value of endotoxin as an immuno- ment and prevention of tumors. These and other objects 
therapeutic agent The most powerful endotoxin adju- will be readily apparent to those skilled in the art in 
vants were phenol-water (PQ) or chloroform methanol 60 light of the teachings contained herein. 
(CM) extracts from Re (heptoseless) mutant, gram-neg- 
ative bacteria. These extracts contained endotoxic lipo- SUMMARY OF THE INVENTION 
polysaccharides (LPS) which made up phenol-water As hereinbefore indicated, the present invention is 
extracts from wild-type bacteria. Both ReOl and directed to vaccines comprised of non-toxic and highly 
lipipolysaccharide when injected in combination with 65 active adjuvants obtained from microbial sources and 
TDM and oil droplets caused a rapid developing tumor antigens. The invention also relates to processes 
Shwartzman-like necrotic reaction in the tumors. Fol- for preparation of the vaccines and their use in the 
lowing this reaction, the LPS combination led to only a treatment and prevention of tumors. 
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The vaccines of the present invention are comprised 
of: 

(a) at least one tumor associated antigen, 



Monophosphoryl lipid A obtained from lipopolysoc- 
charides of Salmonella minnesota R595 has been given 
as follows: 



Monoptraphpryl lipid A 




(b) a refined detoxified endotoxin immunostimulant 

(c) st least one additional immunostimulant selected 25 
from the group consisting of: 

(1) microbacterial cell wall skeleton 

(2) trehalose dimycolate, and 

(3) a pyridine soluble extract of a microorganism, and 

(d) a pharmaceutically acceptable carrier. 30 

DETAILED DISCUSSION OF THE INVENTION 

As indicated, the vaccines of the present Invention 
are comprised of a tumor associated antigen hereinafter 
also referred to as (TAA), a refin ed de toxifi ed ^ndo- 35 

J and at 
He tumor 



40 



45 



toxin immunostimulant referred to as A 
least one other bacteria} unrnunostimulai 
associated antigens which are employed in the vaccines 
of the present invention can be whole cells, fraction of 
cells or extracts of tumor cells prepared by known tech- 
niques. In some instances it might be desirable to utilize 
two or more antigens in the same vaccine. 

Illustrative tumor associated antigens include but are 
not limited to antigens obtained from warm-blooded 
animal tumors such as ocular carcinoma, sarcoid, ovar- 
ian cancer, mammary tumors, adenocarcinoma, pancre- 
atic carcinoma, renal carcinoma, lung carcinoma and 
the like. 

The refined detoxified endotoxin immunostimulant 
employed in the present invention is identified as mono- 50 
phosphoryl lipid A (MPL), and is prepared in the man- 
ner set forth in U.S. Pat. Nos. 4,436,727 and 4,436,728 
which are incorporated herein by reference. Endotoxin 
extracts of the type used as the starting material to pro- 
duce MPL may be obtained from any Entcrobac- 53 
teriaciae including parent organisms and mutants. The 
aforesaid patents describe the type of microorganisms 
that may be used to obtain the starting material and 
several methods for preparing the starting material. The 
detoxified endotoxin can also be prepared synthetically 60 
and by genetic engineering techniques. The preferred 
method to date of obtaining the endotoxic extract is that 
disclosed by Chen et al., J. infect. Dis. 128 543 (1973). 

Monophosphoryl Lipid A (MPL), is a composition 
characterized as having no detectable 2-keto-3-debx-* 65 
yoctonoate, between about 350 and 475 nmoles/mg of 
phosphorus and between about 1700 and 2000 nmo- 
les/mg of fatty acids. The complete structure of a 



CH, 



MPL is a significant improvement over endotoxic 
extracts obtained from Enterobactcriacia.c^bccause 
MPL is detoxified and therefore docs.npt_ contain fh~e 
highly toxic components which have rendered endo- 
toxic extracts unsuitable for therapeutic use. (Sec Pep- 
tides as Requirements for Immunotherapy of the Guinea- 
Pig LineAO Tumor with Endotoxins: Ribi, et al. Cancer 
Immunol. Immunother. Vo. 7, pp 43-58: 1979, incorpo- 
rated herein by reference. The beneficial effects of 
MPL over other endotoxic extracts is described for 
example in U. S. Patents Nos. 4,436,727 and 4,436,728: 
and Ribi, E. Journal of Biological Response Modifiers. 
Vol 3, pp 1-9: 1984, incorporated herein by reference). 

As indicated above, the endotoxin immunostimulant 
employed in the vaccines of the invention has been 
detoxified in accordance with the procedures set forth 
in U. S. Patents 4,436,727 and 4,436.728. By "detoxi- 
fied" is meant that the toxicity (LD50 value) of the endo- 
toxin, based on chick embryo lethality assay, is more 
than 20 micrograms when compared to the toxic endo- 
toxin where the LD30 value is approximately 0.001 
micrograms. 

Inaddition to the monophosphoryl lipid A immunos- 
timulant employed in the vaccine of the invention, at 
least one additional bacterial adjuvant is also present. 
As indicated above, such adjuvants include (a) myco- 
bacterial cell wall skeleton, (b) trehalose dimycolate 
and (c) a pyridine soluble extract of a microorganism. 

The first bacterial adjuvant which can be employed 
with the antigen and MPL is the cell wall skeleton 
which is essentially cell wall which has had much of the 
protein and lipids normally found in the cell wall re- 
moved. It is a polymeric mycolic acid arabinogalactan 
mucopeptide containing remnants of trehalose myco- 
lates ("P3") and undigested tuberculoproteins. Cell wall 
skeleton is obtained from any microorganism including, 
but not limited to, M.smegmatis. M.phlei. Nocardia n/- 
bra, Nocardia asteroides, Corynebacterium diphtheria, 
Corynebacttrium parvum. M.kansaii. Af. tuberculosis 
(Strain H 37 and RV and Ayoma B). and M.bovis Strain 
BCO. Additionally, cell wall skeleton may be obtained 
from such other organisms as £co//. B. abortus and Coxi- 
ella burnettt'L 
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Cell wall skeleton may be produced by first growing 
and harvesting bacteria such as M.bovis strain BCG 
(Bacillus Calraette-Guerin). The resulting whole cell 
residue is processed through a cell fractionator [Ribi 
Cell Fractionator (SorvaJl. Model RF-I)] which dis- 5 
rupts the cells, separating the outer envelope or cell 
wall from the protoplasmic impurities. The resulting 
cell wails arc then subjected to a series of solvent ex- 
tractions and enzymatic treatments (e.g. trypsin and/or 
chymotrypsin) to give purified eel! wall skeleton. 

A second bacterial adjuvant which can be utilized in 
the vaccines of this invention arc the trehalose dlmy co- 
la tea (TDM) which may be obtained from organisms 
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such as, for example, M.aVium. M.phlei, M. tuberculosis (J (oL" tn ^ 
(strain H 37 RV and Ayoma B), M.bovix BCG, M.smeg- <«> - «odcrmi. 
ma lis, M.kansaiL Nocardia rubra, M.bovinis and Coryne- 

bacterium diphtheria* Any microorganism may be used to obtain the pyri- 

Bacteria such as M.arium are grown, harvested and dine-solublc extract including, for example, M.bovis 
then heat killed. The cell mass is then extracted with 20 BCO * M.phlei. M. smegma tix M.kansaiL Nocardia rubra. 
several solvents and then an active solvent soluble, Corynebacterium diphtheriae and Corynebacterium pan 
fraction is extracted. This extract is further purified by ""^ Corynebacterium parvum is especially preferred, 
a series of solvent extractions to provide crude TDM Whole cells of the microorganism, preferably in the 

(see Biologically Acthe Components from Mycobacterial forra of a P Mtc - arc mUcd with pyridine. The resulting 
Ceil Walls. 1. Isolation and Composition of Cell Wall 25 u **paratcd to obtain a supernatant fraction 

Skeleton and Component. P. 3; Azuma et a]., Journal of * Wch c ? ntftU " th « pyridine-soluble extract and a pyri- 
the National Cancer Institute, Volume 52. pgs. 95-101, d, " c rcs ' duc ' Op"on*"y. pyndine residue may be 
1974) incorporated herein by reference. As disclosed in <° repeated separation procedures as de- 

Azuma et al., crude TDM may then be further purified ? nb <? f ^ ^ "* *° qUan "' 
by centrifugal micro particulate silica gel chromatogra- 30 tlc L° r tnc paired extract. 

phy to give purified TDM. TDM may also be prepared ,J t ?.% nd ™ " . lh ? f**! ved ff ° m "'J™? and 
as disclosed in U. S. Patent 4,505,900 which issued ^. d ™* " "J* » ^V** « ***** \^ 

March 19 1985 distilled water. The absence of whole cell and 

-n_ .l'Iju . L» i. u - ijj- ceu * fragment contaminants is confirmed by electron 

The thud b.c enal adjuvant which can be .eluded » B ^ emaw , re3ulting purir , ed extract J , hcn bc 
the vacencs of the present mvenuon « » pyndtnc-solu- lyophililed by raeUlodj to obui( / a stab|e 

ble extract of a microorganism containing between project. 

^ Ut ^ d u° % by u WC i ght 0f pr ? 1 ^ bttwecn .bout The immunological adjuvants of the present inven- 
10 and 40% by weight of sugar and about 35 to 60% by tionlTad mixture with the tumor associated antigens 
weight of fatty acids. The extract preferably contains ^ cn hance the immune response against such antigens and 
about 5% by weight of each protein, about 35% by hence arc useful in a variety of vaccines tumors in for 
weight of sugar and about 5% by weight of fatty acids. both animal and human hosts. In practice it has been 
The protein comprises amino acids and ammonia and found that the refined detoxified endotoxin (MPL) is 
the amino acids include, for example, the following: used in a concentration of from about 10 to about 500 

45 micrograms per dose with a particularly enhanced im- 
mune response being elicited at concentration of from ' 
about 10 to about 50 micrograms per dose. The cell wall 
skeleton is preferably used in concentration of from 
about 275 to about 325 micrograms per dose. The treha- 
50 lose dimycolatea are preferably used in a concentration 
of from about 50 to about 300 micrograms per dose, and 
more preferably from about 125 to about 175 micro- 
grams per dose. The pyridine-soluble extract can be 
The amounts expressed above are in terms of weight used in a concentration of from about 500 to about 2400 
percent and the total protein is 6.34% by weight. 55 micrograms per dose and more preferably from about 
The pyridine soluble extract prepared in accordance 750 to about 1200 micrograms per dose. If desired, other 
with the teachings of this invention has been found to components or additives can b^ employed in conjunc- 
tive the following elemental analysis: tion with the adjuvants of the present inventions. 

In those instances wherein only one or two of the 
■ 60 three classes of adjuvants are employed with the anti- 
gen and MPL, the concentrations of such adjuvants 
may be adjusted to higher levels. All that is needed, 
however, is an immune response enhnacing amount of 
the adjuvant(s) which will enhance the immune re- 
65 sponse of the vaccine against the tumor associated an- 
Additionally the extract is characterized by an infra- tigen(s). 
red spectrum wherein the important peaks useful in The optimum amount of antigen employed in the 
identifying the extract are set forth in Table I below: vaccines of the present invention will, of course, vary 
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for each particular tumor. In practice, however, it has mors, canine adenoma and canine melanoma, and 

been found that the antigen is generally present in the human tumors such as ovarian cancers, melanomas, 

vaccine in a concentration of from about 1 to about 100 colorectal cancers, pancreatic cancers, renal cancer, 

mg per dose, and more preferably, from about 2 to and the like. 

about 10 mg per dose. 5 Whiic not wishing to be bound by the mechanism as 

The tumor associated antigens and the adjuvants are ■ to how the vaccines of the present invention bring 

preferably employed in a pharmaceutical^ acceptable about tumor regression, it is believed that the combina* 

carrier to form the vaccine of this invention. Illustrative tion of the luraor associated antigens and the adjuvant 

carriers which can be employed include, physiological 5 tit iulate both a non-specific and specific immune re- 
saline or oil droplet emulsions. The amount of oil used 10 spouse. 

bin the range of between about 0.5 and about 3,0 pecent Although the vaccines of the present invention arc 

by volume based on the total volume of the compost- effective in the treatment of tumors, in practice, these 

lion. anti-tumor vaccines can be used in a clinical setting as a 

Preparation of the vaccines of this invention can be companion treatment to other forms of therapy. This is 

accomplished by blending the TAA, MPL and biologi- 15 because immunotherapy can be most effective when the 

cal adjuvants in accordance with accepted techniques. tumor burden is small enough that it can be handled by 

As described above the composition for treatment of the patient's immune system. Thus, a patient with ad- 
warm blooded animals and humans may be used in the vanced disease would probably undergo some form of 
form of an oil droplet emulsion. The amount of oil used treatment to reduce the tumor burden, and subsequently 
is in the range of between about 0.5 and 3.0 percent by 20 wou i d rcC etve the anti-tumor vaccine in order to elimi- 
volume based on the total volume of the composition. It natc lnc rc3 iduai tumor cells. The companion treatment 
is preferred to use between about 0,75 and 1.5 percent may bc surgery, chemotherapy, or radiation therapy, or 
by volume of the oil. Examples of such oils include light any other method of effectively reducing the tumor 
mineral oil, squalane, 7-n-hexyloctadccane. Conoco burden. The companion treatment may even entail an- 
superoil and Drakeol 6 VR mineral oil (produced by the 25 otncr forra 0 f immunotherapy, such as, for example, 
Pennreco Company, Butler, Pa,). administration of interleulcin-2. 

The homogenized oil containing mixture is then com- j n thc examples which follow, the bacterial compo- 

bined with a detergent which may optionally be dis- ncnt5( tumora ^ tumor ccl | S( ^ tumor ce „ vaccincs 

solved in a saline solution pnor to mixing. The amount were prcpared md evaluated employing procedures 

of detergent is typically between about 0.02 and 0.20 30 ^owu m ^ t ar t. 
percent by volume and preferably between about 0.10 

and 0.20 percent by volume based on the total volume EXAMPLE 1 
of the composition. Any common detergent material Preparation of Bacterial Components 
may be used including Tween-80, and Arlacel (pro- 
duced by the Atlas Chemical Company). 33 L Preparation of Detoxified endotoxin or monophos- 

The mixture resulting from the addition of detergent phoryl lipid A (MPL) 

is then homogenized to form a suspension which has a Crude endotoxin is isolated from the polysaccharide- 

high percentage of oil droplets coated with MPL and deficient heptoseless Re mutant of Salmonella minnesota 

CWS as determined by observation under a micro- ( strain R393 ) *>y organic solvent extraction. This strain 

scope, 40 was obtained from NIH, NIAID, Rocky Mountain 

Alternatively, aqueous suspensions of TAA may be Laboratory, Hamilton, Montana, This endotoxin, 

added to lyophilized emulsions containing the biologi- which consists only of KJDO and lipid A. is a glycolipid 

cal adjucants and mixed or emulsified by vortexing untU r at ner than a typical endotoxic lipopoly saccharide and 

a slight milky suspension is obtained. Lyophilized emul- «* purified by fractional precipitation with organic sol- 

sions are prepared as previously described (See U.S. 45 vents of appropriate polarities. It is then treated with 

Patent No. 4,520,019). boiling 0.1 N hydrochloric acid to yield a complex 

The vaccines of the present invention are usually mixture consisting of free fatty acids and structural 

administered to a warm blooded animal by intramuscu- horaologs of non-toxic monophosphoryl lipid A (MPL). 

lar, intraperitoneal or subcutoneous injections once a These components are separated by pressure elution 

week for up to a total of 15 injections in the doses indi- 50 column chromatography. Eluted fractions correspond - 

cated above. ing to structural homologs of MPL, as identified by 

It has been found that the vaccines of the present thin-layer chromatography, are pooled and tested for 

invention greatly enhance the immune response against toxicity. They qualify for experimentation in animals 

a wide variety of natural tumor associated antigens; and when their 50% lethal dose for intravenously inocu- 

both natural and synthetic viral, bacterial, fungal, or 55 lated chicken embryos (CELDso) is greater than 10 ug. 

protozoan antigens. The only requirement of the anti- (The lethal dose for the parent endotoxin is less than 

gen which is employed in the vaccines of the present 0.001 u.g.) 

invention is that it be capable of eliciting an immune 2. Preparation of Mycobacterial Cell Wall Skeleton 

response in a host and that the response will be en- (CWS) 

hanced by the adjuvants of this invention with which it 60 Cell walls of Mycobacterium bovis, strain BCG ob- 
is combined. Thus, the vaccines of the present invention tained from NIH, NIAID, Rocky Mountain Laborato* 
have a potent anti-tumor activity and accordingly are ries, Hamilton, Montana are prepared with the aid of 
useful in the treatment and prevention of a variety of the Sorvall-Ribi Cell Fractionator (Model RF-1). By 
tumors in both animals and humans. Tumors, including using a pressure of 35,000 psi at a temperature of 
cancers, which may be treated by the vaccines include 65 10"- 15* C., the mycobacterial cell walls are "cracked", 
animal tumors such as bovine squamous cell carcinoma, and the protoplasm is extruded in a soluble state. Cell 
bovine fibrosarcoma, equine sarcoid, equine melanoma, wall envelopes are then harvested by ccntrifugntion and 
equine squamous cell carcinoma, canine mammary tu- purified by repeated centrifugation and resuspension in 
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water. The cell waJIs are then treated with RNA-asc 
and DNA-ase to remove nucleic acids followed by a 
series of proteolytic enzymes and a detergent treatment 
to remove proteins and peptides, respectively. Finally 
the preparation is exhaustively extracted with organic 5 
solvents to remove "free lipid". The resulting C WS is 
composed of a polymeric mycolic acid-arabinogaJac- 
tanmucopeptide complex. 

3. Isolation and Purification of Trehalose-Dimycoiate 
(TDM) 10 

Whole cells of mycobacteria are extracted Tint with 
cthanol followed by acetone, and finally with a mixture 
of chloroform and methanol (CM 2:1). The CM extract 
contains the TDM plus contaminating lipids having 
lower or higher polarities than TDM. These lipids are 13 
selectively separated by precipitating them with com- 
positions of organic solvents in which they are insoluble 
while retaining the TDM in a soluble phase. The result- 
ing "crude TDM" is purified by pressure elution chro- 
matography. Etuted fractions containing a single com- 20 
ponent of TDM as determined by TLC are pooled and 
used for study, 

4. Pyridine Extraction of Corynebacterium Parvum 
(PE) 

Heat-lci!!ed whole cells of C parvum VPI 0204 ob- 23 
tamed from Dr. C Curamings, Virginia Polytechnic 
Institute, are extracted three times with pyridine at 37* 
C. and the combined pyridine soluble extracts are con- 
centrated by flash evaporation, dialyzed and lyophi- 
hxed. A substance with enhance anti-tumor activity and 30 
greatly reduced toxicity is obtained. 



10 



33 



EXAMPLE 2 
Preparation of Murine Tumor Models to be Evaluated 

1. Animals 

All tumor experiments ae performed on 6-8 week old 
C3HB/FeJ female mice or on C37BL/10 and DBA/2 
mice of either sex. Mice are obtained from production 
colonies of Ribl ImmunoChem Research, Inc., Hamil- +q 
ton, Montana, Parental stocks of DBA/2 and 
C3HB/FeJ mice are purchased from the Jackson Labo- 
ratory (Bar Harbor, Maine). . 

Scwell- Wright guinea-pigs of inbred strain-2 are ob- 
tained from the production colony of Ribt Immuno- 43 
Chem Research. Guinea-pigs of either sex will weigh 
35O-500g on entry in the experiments. 

2. Tumors 

Leukemia EL-4 (Provided by Dr. Bruce Chescbro 
NIAID, Rocky Mountain Laboratory, Hamilton, Mon- 50 
tana), ovarian MOT (from Dr. J. Berek, UCLA, Los 
Angeles, Ca,), and lymphoma P388 cells obtained from 
ATCC are maintained in the ascitic form by serial trans- 
fers in C57BL/10, C3HB/FeJ, and DBA/2 mice, re- 
spectively. Tumor cells are harvested from the perito- 55 
neal cavity and washed with 20 ml phosphate buffered 
saline (PBS). Red blood cells (RBC) are lysed with 10 
ml of 1% ammonium oxalate. After 30 sec., physiolog- 
ical osmolality is restored by the addition of 40 m I PBS. 
Cells are pelleted by centrifugation, and the cell dose is 60 
adjusted so that an inoculum of 2 to 5X I0 4 cells was 
administered inO.l ml of PBS. Line -10 hepatoma cells 
are maintained in ascitic form in syngeneic strain 2 gui- 
nea-pigs by serial i, p. transfer. 

Tumor cells are harvested from ascites-bcaring do- 63 
nors t washed three 3 times in sterile saline, and adjusted 
to 20 X 10 6 tumor cells/ml. 

3. Design of Immunotherapy Experiment 



EL-4, MOT, or P388 tumor cells obtained from the 
same source as indicated above are prepared as de- 
scribed above and 0.2 ml of tumor cell suspension is 
inoculated i. p. in the appropriate syngeneic strain of 
mice on day 0. Tumor controls receive no further treat- 
ment. At various times (day 1 to day 6) after tumor 
transplantation, mice are given a single i. p. injection of 
the Immunol he rapeu tic. Animals In each group arc 
observed daily to determine percentage survival and/or 
reduction in tumor mass. The line- 10 tumor is estab- 
lished in guinea-pigs by intradermal injection of 10* 
ascites-grown tumor cells. The immunothcrapcutics are 
administered in 0.4 ml volumes by intralesional inocula- 
tion after 6 days, at which time the tumors are 9-1 1 mm 
in diameter. 

EXAMPLE 3 

Formulation Procedures for Preparation of Tumor 
Cell Vaccines 

1. Preparation of Solubilixcd Tumor Associated An- 
tigen(s) 

Tumor antigen is prepared by a modified procedure 
using 3 M KCI extraction. Briefly, 3 M K.C1 in PUS is 
added to a cell pellet of live tumor cells at a concentra- 
tion of 3 mi X 10* cells. The suspension is stirred for 18 
to 24 hours at 4", after which the pellets are discarded 
and the supernatant fluid is dialyzed against distilled 
water for 24 hours at 4* and then centrifuged at 100,000 
x g for 2 hours at 4*. The diaiysate is finally centrifuged 
at 100,000 x g for 2 hours at 4* to remove the fine gelati- 
nous precipitate that fornu after dialysis. The soluble 
material is then lyophilized. 

The Line-10 guinea-pig tumor; murine El -4. MOT. 
and P388; as well as bovine ocular squamous cell carci- 
noma (BOSCC) and equine sarcoid (ES) obtained from 
tumor bearing hosts were extracted extracted in this 
manner. In addition saline suspensions of homogenized 
BOSCC and ES are extracted by a modified phenol 
procedure. 

2. Preparation of OU Droplet Emulsion 

OU droplet emulsions contained soluble extracts of 
the tumors are parepared with varying combinations of 
CWS, TDM, and MPL as described previously (U.S. 
PaL No. 4,320,019). 

3. Preliminary Testing of Tumor Vaccines 

The methods of therapy arc essentially as described 
previously. Basically, tumors are established by s. c. 
injection of mice or guinea-pigs with 2 to 5 X 10* ascites 
grown tumor cells. Twenty five or 100 fig quantities of 
mitomycin C are administered intralesionally 7 days 
after the implantation, when the tumors axe about 4 mm 
in diameter. Two days later, the vaccines are injected 
by various routes. Cure rates are compared with the 
survival of untreated animals. Cured animals are tested 
for capacity to resist a subsequent challenge with ho- 
mologous tumor cells. 

4. Specific Immunotherapy of Spontaneous Tumors 
of Cattle and Horses 

Bovine ocular squamous cell carcinoma (BOSCC) is 
a potentially metastatic autochthonous carcinoma oc- 
curring naturally in about 4.7% of Hereford cattle and 
in 0.8% - 1.6% of the general cattle population. Equine 
sarcoid (ES) is a locally aggressive skin tumor and is the 
most common spontaneous tumor of horses. These tu- 
mors do not metastasize readily, but axe locally invasive 
and are nonaggressive. 
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EXAMPLE 4 
Isolation of Tumor Associated Antigens 

Two eJtperirnentaJ tumor models, (a) line- 10 hcpato- ^ 
cellular carcinoma in inbred strain 2 guinea-pigs and (b) 
Murine ovirian tumor (MOT) in inbred C3HB/FeJ 
mice were obtained from existing breeding colonies of 
these recipient animals at Ribi ImmunoChem Research, 
Inc., Hamilton, Montana. |n 

Three following additional murine tumor of cell lines 
were obtained: L-1210 leukemia was obtained from Dr. 
Jerry KUIion, Oral Roberts University, Tulsa. OK; 
EL-4 lymphoma tumor cells were obtained from Dr. 
Bruce Chcscbro. NIAID, Rocky Mountain Laboratory, 13 
Hamilton, Montana; and P-388 lymphoma tumor cells 
were purchased from the ATCC B6D2F1 and 
C3HB/FeJ mice for the maintenance of these tumor 
cell lines and for tumor regression studies were pur- 
chased from The Jackson Laboratory, Bar Harbor, 20 
Maine. 

Tumor associated antigens (TAA) for use in combi- 
nation with MPL and other bacterial anti-tumor com- 
ponents of this invention were isolated from MOT ovar- 25 
tan tumor cells, EL-4 lymphoma, P-388 lymphoma and 
L-1210 leukemia by the 3M KCI extraction method. 
Briefly, groups of the appropriate strain of mice were 
given as 1. p. injection of 0.5 to I X 10* viable turaOr 
cells. Ascites fluid was collected 8 to 10 days later and 30 
cells removed by centrifugation. Marked tumor cells 
were extracted overnight with 3M KCI. The aqueous 
soluble extract was obtained by centrifugation, dialyzed 
and lyophilizcd. In addition, TAA was also obtained 
from ascites grown line- 10 tumor cells in strain 2 gui- 35 
nea-pigs using the above procedure. 

TAA extracts were also obtained from two spontane- 
ous arising sarcoid tumors in horses. The solid sarcoid 
tumors were homogenized in 3M KCI and extracted at ^ 
4' C. overnight. The aqueous extract was collected by 
centrifugation, dialyzed and lyophiJized. 

EXAMPLE 5 

Anti-tumor Activity of Detoxified Endotoxin (MPL) 45 
Alone or 

Combined with Pyridine Extract of P. acna (PA-PE) 
Experiments were conducted to show that PA-PE 
and mycobacteria trehalose dimycolate (TDM) were 
effective as cell wall skeleton (CWS) in regressing line- 50 
10 tumors in strain 2 guinea-pigs when combined with 
MPL. The results obtained are set forth in Table 1 be- 
low: 

TABLE 1 35 

Anti-tumor Activity of Oil Emulator Containing MPL Alone or 
Combined with PA-PE + TDM in the Line- 10 Tumor Model* 



Number Cured 



Material Injected 


Dc«c 


TouJ 


% Cured 


PE C porrum + 


500 + 50 +100 


17/19 


89.5 


MPL + TDM 








PE C porrum + 


100 + 50 + 50 


5/10 


50 


MPL + TDM 








PE C parntm + 


500 + 100 


3/9 


33 


TDM 








PE C porrum + 


500 + 50 


1/9 


It 


MPL 








PE C porrum only 


500 


0/7 


0 


MPL + TDM 


500 + 100 


0/6 


0 



60 



63 



TABLE [-continued 

Anii-iumor Activity of Oil Emuliiom Containing MPL Atone or 
Combined with PA-PE +■ TDM in the Line- 10 Tumor Model* 
Number Cured 

Material Injected Do« ToiaJ *» Cured 

Tumor Controlt — 0/18 0 

*S<mn 2 |uin«?>p>|t w«« tnoclu«(«d t,D. v*tih 1 X tO* tio«-IO tumor c«Hi Ji» 
0. ffntnummiimiUau *tt« admuw««red tniralrwully ((M ml/animil) on day <> 
when rh« turaon wert I to 10 am in di«n<i«r, 

EXAMPLE 6 

The following studies were designed to determine the 
ability of the aqueous solutions containing MPL alone 
or in combination with PA-PE to regress MOT ovarian 
cells in C3HB/FeJ mice. Female mice were inoculated 
with 2X 10 4 MOT cells on day 0 and immunotherapy 
was administered 24 hours later. As shown in Tabic 2, 
little or no anti-tumor activity was observed in mice 
given either 1200 \i% of PA-PE or 240 ug or MPL. 
However, signifigant anti-tumor activity (88% tumor 
free) was seen in mice treated with the combination of 
PA-PE -I- MPL. Moreover, the response was dose de- 
pendent in that fewer tumor free animals were seen with 
decreasing doses of immunostimulants. The results arc 
ihown tn Tabic 2 below: 

TABLE 2 



Anti-tumor Activity of D« to rifled En do to tin (MPL) Alone or 
Combined with Pyridine Ei tract of P. ocntt (PA-PEV 



Materia 


Dotage 


No. Tumor Free* 


Percent 


Injected 


<»g> 


Total No. Injected 


Tumor Free 


PA-PE + MPL 


1200 + 240 


43/49 


88 


PA-PE + MPL 


600 +120 


4/8 


50 


PA-PE + MPL 


350 + 75 


0/3 


0 


MPL 


240 


2/8 


25 


PA-PE 


1200 


0/8 


0 


None 




0/54 


0 



*F«m*l« CJHB/FcJ mkm Inoculated Ip. with t-1 x 17* MOT tumor cell* on <ia* 
0. InunuMMlimuUim «r«r* •dmUHtrvd l.p. (Q. J mUtwti*) 14 Hour* following 
tumor tnmpltnutto*. 

*NumWf tumor frw w M d*t*rmLt>mi 60 d*jn »A«r tumor iruitpUnutton. 



EXAMPLE 7 

To determine whether solubilized tumor antigens 
(TAA) would enhance or add to the antitumor activity 
of PA-PE +MPL, mice-bearing MOT tumors were 
given MOT-TAA alone or in combination with a non 
efficacious dose of PA-PE +MPL (Table 3). No anti- 
tumor activity was observed in mice treated with 500 or 
350 fig of TAA onJy. However, when 500 u.g of TAA 
was combined with PA-PE +MPL. 1005 of the mice 
were tumor-free 60 days after tumor transplantation. 
The mean survival time for the nontreated tumor con- 
trol group was 21 days. The results are set forth in Table 
3 below: 

TABLE 3 



Efficacy of Tumor Associated Antigem (TAA) Alone or in 
Combination with PA-PE + MPL in Regreuing MOT Tumor* in 
C3HB/FeJ Mice* 







No. of 








Tumor 








Free* 


Percent 


Material 


Dotage 


Total No. 


Tumor 


Injected 




Injected 


Free 


TAA 


500 


0/8 


0 


TAA 


350 


0/J 


0 


PA-PE +MPL 


350 + 73 


0/5 


0 


TAj\ + PA-PE + MPL 


)50 + 350 + 75 


2/5 


40 



13 

TABLE 3-continued 
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Efficacy of Tumor Auoctaled Antigens (TAA) Alone or in 
Combination with PA-PE 4- MPL in Rcgrcutng MOT Tumon i 
_CJHB/FeJ Mice* 





No. of 






Tumor 






Free* 


Percent 


Material 


Douge Totmi No. 


Tumor 


Injected 


(>ig) Injected 


Free 


TAA + PA-PE + MPL 


300 4- 300 4- 60 8/8 


100 


Tern** CJHft/F*J «0o. w«n 


• (nocwUMd Lp. with 1-1 X 10* MOT l«i 


not cilU on 



day 0. tmoi » «ow imUiots w*r* •dmitt*ucr«d I. p. (0.5 aJ/moiM) 2 a hovi following 
*N»w»6er twmor free wn dfltcnnLaed 40 day* after tumor (rajupJutUtioe. 



EXAMPLE 8 
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Although significant anti-tumor activity wu ob- 
served with TAA combined with PA-PE +MPL, it 
was of interest to determine its anti-tumor e fleet when 
administered at increasing times post tumor transplanta- 
tion. Mice were given 2X 10 4 MOT cells on day 0 and 
therapy (PA-PE -f MPL or TAA + PA-PE +MPL) on 
day 1,2,3 or 4. Effective therapy with PA-PE +MPL 
■lone or in combination with TAA was observed when 
given on day 1 or 2 post tumor cell inoculation. How- 
ever on days 3 and 4, the amount of anti-tumor activity 
as measured by tumor free animals was significantly 
reduced. This decrease in anti-tumor activity is likely 
due to an increase in tumor burden. Therefore, studies 
were designed to reduce tumor burden with chemother- 30 
spy using mitomycin C. The results are summarized in 
Table 4 below: 



20 



25 



TABLE 4 



And-tumor Activity of MPL 4- PA-PE or 
TAA + MPL 4- PA-PE Given at 
Various Tlroea After Tumor TruupUnutkxi.* 
No. Tumor 



35 



Free* 



Percent 



Material 


Tune AAer 


Total No. 


Tumor 


Injected 


Tumor (cUyi) 


Injected 


Free 


P»PE + MPL 


1 


5/6 


S3 


(1200 M g + 240 pg) 


2 


4/6 


67 




3 


1/6 


17 




4 


0/6 


0 


TAA 4- PA-PB 4- MPL 


1 


3/6 


«3 


(500 + 300 + 60) 


2 


4/6 


67 




3 


1/6 


17 




4 


0/6 


0 


TAA only 


1 


0/6 


0 


(300) 








None 




0/6 


0 



- 40 



*F«mh OHB/FeJ fm laoceJMed Lp. Mlh 1-2 X tO 4 MOT lomtx cctU on day 
0. ImwMOMimlua wtn adetfaacrred Lp. (0J nl/nom) M 14 how btervtb 
foOowtwg r**wr treeeplntartoe. 

*NcmtMr Mm fm wm dn er « ia>» d 60 day* a/to umoc truuplaataiio*. 



EXAMPLE 9 

To test the effect of combination chemoimmunoth- 
erapy, mice were given MOT tumor cells on day 0 and 
i.p, mitomycin C on days 2 to 6. Immunotherapy was 
administered 30 to 36 hours after drug administration. 
The dosage of mitomycin C used was predetermined by 
treating tumor bearing mice on day 6 with varying 
dosages of drug i.p.. A dose of 100 u.g was selected 
based on its lack of toxicity and minimal therapeutic 
effect (20% regression rate). 

Table 5 shows the results of a study where tumor 
bearing mice were treated with mitomycin C on day 6 
and immunotherapy 31 hours later. All mice treated 
with immunotherapy without prior chemotherapy died 
of progressive tumor growth (data not shown). How- 
ever, a 30% response rate was observed in the group 
receiving drug and TAA + PA-PE + MPL at high dose 
with minimal activity seen at the lower dosage. 

TABLE 3 

Effect of Chemotherapy Followed by 
PA-PE 4- MPL 4- MOT - TAA on MOT in C3HB7FcJ Mice-* 

No. In 
Rcgrettkm 



Material Injected; 



total 
injected 



3t h pott 




Day 


Oay 


Day 


'"«■»», 
Djv 


Chemotherapy 


do«e (pg) 


34 


63 


34 


63 


TAA 


100 


0/6 




0 


0 


TAA 4- PA-PE 4- 


500 + 300 + 60 


3/6 


1/6 


JO 


17 


MPL 












TAA 4- PA-PE 4* 


300 + 1200 + 240 


3/6 


1/6 


30 


50 


MPL 












PA-PE + MPL 


W0 + 60 


0/6 




0 


0 


PA-PE + MPL 


1100 4- 240 


2/6 


1/6 


33 


17 


MOT cclb only, dO 




0/6 




0 


0 



*Pcm*Je C3Ha/F*J mice w«* tmculaicd Lp, with 1-1 X tfl 4 MOT tumor cell* on 
day 0. Chemotherapy wm Lp. on day 4 followed by tmnuaoihenpy ll hour* 
liter. 



EXAMPLE 10 

The procedure of Example 9 was repeated with the 
exception that the time between tumor transplantation 
and chemotherapy was varied. Immunotherapy was 
given 33 hours after the drug mitomycin. The results 
are shown in Table 6 below: 



TABLE 6 



Effect of Chemotherapy on Dayi 2.4, or 6 Followed by PA-PE 4- 
MPL 4- MOT - TAA, on MOT In C3HB/FeJ Mice* 



Material Injected 33 h No responding dJ4 % 



Oroup 


post .chemotherapy 


dov: (jig) 


Toul injected 


responding 


MST 


A 


PA-PE + MPL 


300 + 60 


4/6 


67 


>34 


8 


PA-PE 4- MPL 


1200 +- 240 


3/6 


1) 




C 


TAA + PA-PE + MPL 


500 + 300 4- 60 


5/6 


13 




D 




500 4- 1200 4- 240 


6/6 


100 




E 




1000 4- 300 4- 60 


4/6 


67 




F 




1000 4- 1200 4- 240 


5/6 


13 




O 


Control, MOT cell* only 




4/6 


67 




H 


PA-PE + MPL 


1200 4- 240 


3/6 


13 


>54 


1 


TAA 4- PA-PE + MPL 


S00 4- 100 4- 60 


3/6 


13 




J 




300 4- 1200 4- 240 


6/6 


100 




IC 




tOOO 4- 300 4- 60 


4/6 


67 





TABLE 6-continued 



EfTect of Chemotherapy on Day* 2.4, or 6 Followed by PA-PE + 
MPL + MOT - TAA. on MOT in C3HB/FcJ Mice" 



Group 


Miterul Injected 33 h 
post chemotherapy 


do* (jig) 


No responding d54 
Tot»J injected 


responding 


MST 


L 




1000 + 1200 + 240 


3/6 


83 




M 


Control. MOT eclb only 




0/6 


0 


28 


N 


TAA 


1000 


t/6 


17 


J5 


0 


TAA + PA-PE + MPL 


500 + 1200 + 240 


3/6 


50 


37 


P 




1000 + 300 + 60 


3/6 


50 


43 


Q 




1000 + 1200 + 240 


4/6 


67 


>)* 


R 


Control. MOT cella orUy 




0/6 


0 


24 


S 


Mot eclb only (no drug) 




0/6 




U 



*Oro«p* A-O. nhomrcin <Uy l\ 
Oroufa H-M. mionrda d«y 



When mitomycin C wa* administered on day 2, no 
significant di (Terence was observed in those groups 
receiving chemoi mm u no therapy or chemotherapy 
only. Thus, chemotherapy has a dramatic efTect when M 
given early. Conversely no chemotherapcutic effect 
was seen in animals given the drug only on day 4 or 6 
but when combined with immunotherapy, a marked 
anti-tumor efTect was observed. This anti-tumor activity 
was seen in mice given PA-PE +MPL alone or com- „ 
bined with TAA. 

EXAMPLE 11 

Anti-tumor Activity of TAA in combination with 
Other Microbial Anti-tumor Components in Regressing J0 
line- 10 Tumors in Strain 2 Guinea- Pigs 

Previous studies have shown that the combination of 
MPL and cell waJl skeleton (CWS) has signifigant anti- 
tumor activity as measured by regression of established 
line- 10 tumors in strain 2 guinea-pigs. The following 33 
study was designed to determine whether the addition 
of solubilized TAA to the MPL +CWS would enhance 
its anti-tumor activity. Inbred strain 2 guinea-pigs were 
inoculated with 2X ^viable line- 10 tumor cells on day 
0. Immunotherapy was given directly into the tumors as 40 
oil-in-water emulsions on day 6 when tumors were 8 to 
10 mm in diameter. Results are shown on Table 7. 

TABLE 7 



Anti-tumor Activity of Tumor Awocfited Antigen in Combination 
with V.rious BRM Formulitioru on Line- 10 Hcpttocwctnoma In 
. Strain 2 Guinea Pip 







No. Tumor 


% 






Free 


Tumor 


Material 




toul 


Free 


Injected 


dote (/if) 


Injected 


(day 84) 


Triple mature 


50 + 50 + 30 


3/7 


43 


(CWS + MPL + TDM) 








LI0-TAA + 


1000 


5/7 


71 


Triple mature 


50 + 50 + 50 






DETOX 


200 + 20 


1/7 


14 


(CWS + MPL) 








LiO-TAA + 


1000 


1/7 


29 


DETOX 


200+20 






LIO-TAA only 


1000 


0/7 


0 



50 



55 



'Rcsutta ihown ate for intra) vmor injection. No mlMomor activity w U obt*rv«d 
(0/7) when ttMM combuutkHi w«rt giv*n In comraUunJ flank. 



Although the invention has been illustrated by the 
preceding examples, it is not to be construed as being 
limited to the materials disclosed therein; but rather the 
invention is directed to the generic area as hereinbefore 
disclosed. Various modification an embodiments can be 65 
made without departing from the spirit or scope 
thereof. 

What is claimed is: 



1. A vaccine useful for the treatment and prevention 
of tumors in a host, said vaccine comprised of: 

(a) at least one tumor-associated antigen. 

(b) a refined detoxified endotoxin immunostimuhnt, 
and 

(c) at least one biological immunostimuhnt selected 
from the group consisting of: 

(1) mycobacterial cell wall skeleton 

(2) trehalose dimycolate, and 

(3) pyridine soluble extract of a microorganism, and 

(d) a pharmaceutical] y acceptable carrier. 

2. The vaccine of claim 1 wherein said refined detoxi- 
fied endotoxin has no detectable 2-keto-3-deoxyoctono- 
ate between about 350 and 475 nmolcs/mg of phospho- 
rus and between about 1700 and 2000 nmoles/mg of 
fatty acids. 

3. The vaccine of claim 1 wherein said refined detoxi- 
fied endotoxin is monophosphoryl lipid A. 

4. The vaccine of claim 1 wherein component (c) is 
mycobacterial cell wall skeleton. 

5. The vaccine of claim 1 wherein component (c) is 
trehalose dimycolate. 

6. The vaccine of claim 1 wherein component (c) is a 
pyridine soluble extract of a microorganism. 

7. The vaccine of claim I wherein component (c) is a 
combination of mycobacterial cell wall skeleton and 
trehalose dimycolate. 

8. The vaccine of claim 1 wherein component (c) is a 
combination of mycobacterial cell wall skeleton and a 
pyridine soluble extract of a microorganism. 

9. The vaccine of claim 1 wherein component (c) is a 
combination of trehalose dimycolate and a pyridine 
soluble extract of a microorganism. 

10. The vaccine of claim 1 wherein component (c) is 
a combination of mycobacterial cell wall skeleton, tre- 
halose dimycolate and a pyridine soluble extract of a 
microorganism. 

11. The vaccine of claim 1 wherein said pyridine 
soluble extract from said microorganism contains be- 
tween about 7 and 20% by weight of protein, between 
about 10 and 16% by weight of sugar, and between 
about 35 and 55% by weight of fatty acids. 

12. A process for the preparation fo a vaccine useful 
for the treatment and prevention of tumors in a host 
which comprises forming a mixture of: 

(a) at least one tumor associated antigen 

(b) a refined detoxified endotoxin 

(c) at least one biological immunostimulant selected 
from the group consisting of: 

(1) mycobacterial cell wall skeleton 

(2) trehalose dimycolate, and 

(3) pyridine soluble extract of a microorganism, and 



4,877 
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(d) a pharmaceutically acceptable carrier 

13. A process for the treatment and prevention of 
tumors in a host, which comprises administering to said 
host an anti-tumor effective amount of a vaccine com* j 
prised of: 

(a) at least one tumor associated antigen, 

(b) a refined detoxified endotoxin inxmunostimulant, 
and 

(c) at least one biological immunostimuJant from the 10 
group consisting of: 

(1) mycobacterial cell wall skeleton, 

(2) trehalose dimycolate, and 

(3) pyridine soluble extract of a microorganism, and 15 

(d) a pharmaceutical! y acceptable carrier. 

14. The process of claim 13 wherein said refined 
detoxified endotoxin has no detectable 2-kcto-3-deox- 
yoctonoate, between about 350 and 475 nmoles/mg of 2 rj 
phosphorus and between about 1700 and 2000 nmo- 
les/mg of fatty acids. 
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15. The process of claim 13 wherein said refined 
detoxified endotoxin is monophosphoryl lipid A. 

16. The process of claim 13 wherein component (c) is 
mycobacterial cell wall skeleton. 

17. The process of claim 13 wherein component (c) is 
trehalose dimycolate, 

18- The process of claim 13 wherein component (c) is 
a pyridine soluble extract of a microorganism. 

19. The process of claim 13 wherein component (c) is 
a combination of mycobacterial cell wall skeleton and 
trehalose dimycolate. 

20. The process of claim 13 wherein component (c) is 
i combination of mycobacterial cell wall skeleton and a 
pyridine extract of a microorganism. 

21. The process of claim 13 wherein component (c) is 
a combination of trehalose dimycolate and a pyridine 
soluble extract of a microorganism. 

22. The process of claim 13 wherein component <c) is 
a combination of mycobacterial cell wall skeleton, tre- 
halose dimycolate and a pyridine soluble extract of a 
microorganism. 
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MODfFTED UPOPOLYSACCHARJDES A NT) 
PROCESS OF PREPARATION 

FIELD OF THE INVENTION 

This invention relates in general to certain modified 
forms of lipopolysaccharidc and lipid A. In one aspect, 
this invention is directed to a process for the structural 
modification of certain lipopolysaccharidcs to render 
them less endotoxic without adversely affecting their 
antigenic or immuno-stimulating properties. 

BACKGROUND OF THE INVENTION 

Prior to the present invention, it had long been recog- 
nised that enterobacterial I ipo poly saccharides (LPS) 
was a highly potent stimulator of the immune system. A 
variety of responses, both beneficiaj and harmful, can be 
elicited by sub- micro gram amounts of this substance. 
The fact that some of these responses arc harmful, and 
can in fact be fatal, has to date precluded clinical use of 
LPS per se. It is now also well-appreciated' that the 
endotoxic activity associated with bacteria] lipopoly- 
saccharides (LPS) reside in the lipid A component of 
LPS. 



10 
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and LPS. such as pyrogemciiy. local Shwar;man reac- 
tivity, and tonicity in the chick embryo 50% lethal dose 
assay (CELDjq). It retains the ability of lipid A and 
LPS. however, and to. among other things, act as an 
adjuvant. 

The difficulty with this method of detoxifying LPS 
and lipid A is that it invariably results in the loss of the 
core moiety attached to position 6* of the non-reducing 
glucosamine. This is significant since the core region is 
highly conserved among LPS'* obtained from different 
genera of Entcrobactcriaciac; immunity against the core 
region is therefore protective against a wide variety of 
gram negative bacterial challenges. This was demon- 
strated by the work of Zicglcr ct aJ. (New Eng. J. Med. 
307, 1225: 1982). for example. 

Considerable benefits would accrue from being able 
to immunize individuals against cntcrobactcriaj LPS. as 
evidenced by the fact that approximately 90.000 deaths 
occur annually from gram negative sepsis and associ- 
ated endotoxemia. At the present time, however, it is 
only possible to immunize with fully toxid LPS, since 
detoxification by acid hydrolysis results in loss of the 
core region. 

Alkaline hydrolysis has also been used in the past to 



Accordingly, much effort has been expended towards 23 detoxify LPS. but the conditions which have generally 

_ * . I ' • t j> * • « . _ rV^k-^yi I I # Mm^A W t • I # * mm. — ^m* - _ I _ * _ * _ i* _ I f ' * J 



attenuating the toxic attributes of lipid A and LPS with- 
out diininishing their beneficial tmmunostiraulatory 
activities. Notable among these efforts was that of 
Edgar Ribi and his associates, which resulted in the 
production of a derivative of lipid A referred to origi- 
nally as refined detoxified endotoxin (RDE) but more 
rcccudy as monophosphoryi lipid A (MPL). MPL is 
produced by reiluxing LPS (or b'pid A) obtained from 
hcptosclas mutants of gram negative bacteria (e.g. Sal 



been used result in complete saponification of the lipid 
A moiety. This, of course, not only reduces the cn- 
dotoxicity of the starting LPS. but also eliminates the 
other, more beneficial, activities as well. Furthermore. 
30 such treatment also reduces the immunogenicity of 
LPS, since it is essentially convened by this treatment 
into a polysaccharide antigen with no amphipathic 
character. In general, however, none of the early refer- 
ences teach that removal of one particular fatty acid 



monclla sp.) in mineral acid solutions of moderate 35 f rom li ? id A wou ^ d render it non-toxic, while not affect 



strength (e.g., 0.1N HQ) for a period of approximately 
30 minutca. This treatment results in the loss of the 
phosphate moiety at position 1 of the reducing -end 
glucosamine. Co incidentally, the core carbohydrate is 
removed from the 6' position of the non-reducing glu- 
cosamine during this trcatmctiL The result is the mono- 
phosphoryi derivative of lipid A. MPL- The structure 
of MPL is shown below: 



in£ its immuno stimulating activities. 

Accordingly, one or more of the following objects 
will be achieved by the practice of this invention. It is 
an object of this invention to provide modified lipopoly- 
40 saccharrides and, in particular, modified lipid A. An- 
other object of this invention is to provide a modified 
lipid A which retains the core moiety attached to the 6' 
positions of non-reducing glucosamine. A further object 




CH — OH 
I 

<CHj)io 




MPL exhibits considerably attenuated levels of the 
endotoxic activities normally associated with lipid A 



. 4.912,094 

3 4 
of chc present invcnt.on is lo provide a modified lipid A known from which position this fattv ac.d was c l«v, d 
wruch retains the core mo.cty and accordingly, nro.ee- Also, no mention w (li made of the 'relationship of this 
lion against a w.dc variety of gram negative challenge*. rapid loss of 0-hydroxymy nstic acid to the loss of en- 
A HdJ further objece of iheprcscnc invention is (o pro- doto*icity upon mild alkaline treatment which w 3 , 
vide a process for ihc preparation of the modified lipid 5 observed by Niwa ct al. and others 
A which renden it less endotoxic without adversely In a paper by Goodman and Sulizcr (Infect. Immu. 

alTcctmg their antigcn.c or .mmunosnmulating proper- nity 17. 205: 1977;) the authors noted that mild alkaline 
u«. Another object is to prov,dc pharmaceutical com- hydrolysis of LPS reduced its tonicity while actually 
positions containing the modified lipopoly saccharides enhancing its mitogenicity. They chemically character- 
wd« method for their use. These and other objects will 10 ized the hydrolyicd product with respect to nitrogen, 
readily ^become apparent to those skilled in the an in glucosamine. KJDO. and fatly acid content. Signifi- 
bght of the teachings herein set forth. cantly, they found that the fatty acid content was rcia- 

SUMMARY OF THE INVENTION livcly unchan S cd by the alkaline treatment. This led 

Goodman and Sulucr to conclude that the cfTcct of the 
In its broad aspect, the present invention is directed 15 raiid alkaline treatment was mediated by changes in the 
to certain modified forms of I i polysaccharide and aggregation^ propertied of the hydrolyzcd LPS. In this 
lipid A. and to a process for their preparation. The regard, they were adopting the view of Niwa ct al On 
invention aJso encompasses pharmaceutical coraposi- p. 212 of their paper. Goodman and Sultzcr state that " 
lions containing the modtfied lipopoly saccharides and ... we have reduced the toxicity of the [LPS] by about 
their use in the treatment of various condition* in warm 20 100-fold without significantly changing the lipid moi- 
bloodcd animals. cly » This confirms that they did not understand what 

The modified hpopolysACcharidcs and lipid A of this they had done to achieve the observed reduction in 
mvcnuon arc those which have been subjected to a mild toxicity without reducing mitogenicity. No mention 
alkaline hydrolysis under conditions as hereinafter de- was made of the possibility of a critical fatty acid that is 
fined that result in the loss of a single farty acid from 25 alkaline- labile. 

position 3 of the lipid A backbone. The sensitivity of ester-linked /3-hydroxymyristic 

DETAILED DESCRIPTION OF THE fa " y ldd rcsiducs P rcJcn t i" lipid A to alkaline hydroly- 

INVENTION Sli wai nolc<J m a 1982 publication (N. Qurcshi. D. 

Takayama, and E. Ribi. J. Biol. Chcm. 257. 1 1808- 
There is a considerable body of literature which per- 30 1982). Similar observations were made with respect to a 
tains to the cJTcct of alkaline treatment on the biological monosaccharide precursor of lipid A in a 1983 publics- 
activities of LPS and lipid A. Most of these references tion (Takayama, et al., J. Biol. Chcm 258. 14245: 1983). 
teach the use of conditions that arc sufficient to com- Both of these references teach that ester-linked 0- 
piclcly dcacylate lipid A. As stated earlier, such treat- hydroxymyristic fatty acid rcsiducs present in lipid A or 
meat destroys essentially all biological activity of lipid 35 related compounds arc easily removed by mild alkaline 
A and LPS. except for antigenicity. The early paper by treatment. The cfTcct of this structural modification on 
Ncier ct al. (Netcr E.. WcstpahJ O., Ludcritx O., Gor- the biological activity of lipid A was not recognized in 
zynsJu E. A. and Eichcnbergcr E.. "Studies of cntcro- this or any subsequent references. 

bacterial ^polysaccharides". Effects of heat and The treatment of LPS with mUd alkali was discussed 

chemicals on erythrocyte modifying, antigenic, toxic. 40 in two papers by Amano, ct al. (D. Amano, E. Ribi, and 
and pyrogcuic properties*", J. Immunol. 76, 377: 1956), J. L. Cantrcll, J. Biochcm 93, 1391: 1983. and K. 
can ^bc regarded as representative of the state of the art Amano. E. Ribi, and J. L. Cantrcll, BBRC 106. 677: 
which leach the use of alkaline conditions sufficient to 1982). The authors reported that mild alkali treatment 
destroy alt biological activities or LPS. results in the loss of O-estcr linked fatty acids. They did 

Several other observations have been noted in the 45 n0 t mention that the only farty acid removed by this 
scientific literature concerning alkaline hydrolysis of treatment is the 0- hydroxymyristic at position 3. Also 
lipid A and LPS. For example, Niwa et al. (J. Bacterial. contrary to the results disclosed in the present inven- 
97, 1069: 1969;) observed that treatment of LPS with . lion, they reported that mild alkali treatment did not 
mildly alkaline cooditions caused a rapid loss of endo- reduce the endotoxicity of the parent LPS. 
toxic activity and a much slower loss of falty acids. This 50 A study of the structural consequences of treating 
observation led them to conclude that the fatty acid- LPS with mild alkali was reported in a paper by Rosncr. 
containing portion of LPS, lipid A, was not responsible ct al. (M. R. Rosncr, J-y Tang. I. Barxilay. and H. c! 
for the endotoxic activity of LPS. since it was evidently Khorana, J. Biol. Chcm 254. 5906: 1979). The authors 
destroyed at t slower rate than the endotoxic activity reported that LPS which was treated with IN NaOH at 
was lost. The authors conjectured that the only way 55 room temperature for approximately 17 hrs was -.xhaus- 
that their observations might be consistent with lipid A tively dc-O-acylated. This is clearly difTcrcnt from the 
being the endotoxic principle was if there existed a fatty present invention, which discloses conditions sufficient 
acid in lipid A that was both highly alkaline-labile and to remove only the 0-hydroxymyristic from position 3. 
necessary Tor endotoxic activity. The authors did not Furthermore, the authors subjected LPS to this mild 
consider this to be a likely explanation. At the time, 60 alkali treatment solely for the purpose of elucidating 
Niwa ct al, favored an explanation for their results LPS's structure. No mention is made in this article of 
based on the influence of mild alkaline treatment on the the effect of mild alkali treatment on the biological 
conformation of endotoxin aggregates. activities of LPS. 

In a paper by Rictschcl el al. (Eur. J. Biochem. 28. The use of mild alkali treatment to lower the toxicity 

16*; 1973), it was noted that 0-hydroxymyristic acid is 65 of lipid A was disclosed in U.S. Pat. No. 4.029.762. this 
rapidly released from lipid A upon mild alkali treatment patent discloses the use of lipid A and alkali-treated 
(0.25N NaOH, 56* C). The reason for the rapid loss of lipid A as antigens for stimulating immunity against 
0-hydroxymyristic acid was not given, nor was it gram-negative cntcrobaccriaccac. It was not disclosed 
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in this patent that lipid A. which lacked a £. hydroxy 
mynstic acid at position 3. is less endotoxic but is still 
mitogenic. 

in a 1987 review by Rictschcl ct aJ. (in "Detection of 
BactenaJ Endotoxins with (he Limuius Amcbocytc 5 
Lysaie Tat", AJan R. Liss. Inc., 1987. p. 25-53;). men- 
uon is made of the fact (hat synthetic monosaccharides 
corresponding to the reducing end of lipid A arc irje- 
tivc if the /3-hydroxymyristic acid residue nt position 3 
is removed. The authors, however, did not conjecture 10 
as to whether the same observation would be made with 
lipid A. and no work was cited pcrxaining to this ques- 
tion. It docs not appear then that it was suspected that 
rcmovaJ of the /?-hydroxymyristic acid from position 3 
of lipid A and LPS wouJd resuJt in reduced endotox- 15 
■city without a/Tccting activities such as mitogenicity. 

Accordingly, prior to the present invention, and in 
view of the reported research cfToru of Edgar Ribi and 
his colleagues, in preparing and cvaJuating monophos- 
phoryl lipid A. it was gcncnJly recognized that dctoxi- 20 
fication of lipo poly saccharide was best accomplished 
by an acid hydrolysis foUowed by a chromatographic 
separation of MPL if a product having enhanced im- 
mune-sum uJa ting properties was desired. It was not 
readily apparent that the endotoxicity of lipid A could 25 
be attenuated by rcmovaJ of only the fatty acid at posi- 
tion 3 or that removal of the position 3 farry acid from 
Li po polysaccharide wouJd reduce endotoxicity and yet 



and thereafter separating and recovering the dcacylatcd 

product in a relatively pure form. 

Lipid A dcacylatcd in accordance with the method of 

the present invention was found to be non-to^ic in the 
CELDjo assay (CELD>o> 10 ug). in spite of the fact 
that it still contained (1) a digiucosaminc backbone. (2) 
two phosphoryl groups, (3) at least iw 0 3-acyloxyacyl 
residues, and (4) up to a total of 6 fatty acid*. Taken 
together, these results indicate that the toul number of 
fatty acids present in lipid A is not a sufficient condition 
for the manifestation of endotoxic activity, but that the 
pattern of fatty acid substitution is also a critical deter- 
mi nan t. 

V/hiJc not wishing to be bound by any theory regard- 
ing the reasons why the compound(s), although less 
endotoxic. arc still able to exen a strong immunos- 
limulating cfTccu it is believed that the specific struc- 
tural modification that is responsible for this reduction 
in the endotoxicity of lipid A and LPS involves remov- 
ing of the /J-hydroxymyristic acyl residue that is ester- 
linked to the reducing-end glucosamine at position 3 
under conditions which do not adversely ajfect other 
groups in the lipopolysaccharides. Monophosphoryl 
lipid A (MPL), diphosphoryl lipid A (DPL) and LPS 
can ail be de-3-O-acylated in this way. The structures of 
these novel materials arc shown below in formula II 
wherein the figures in the circles indicates the 'number 
of carbon atoms in the chain. 
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aJlow other desirable substitucnta to remain in the mole- 
cule. 

Thiu, in contrast to the prior art references which 
may disclose, in general, the alkaline treatment of lipo- 
poiysaccharides, none of these references clearly recog- 
nizes the unexpected and surprising results obtained by 
employing conditions for removal of only the 
hydroxymyristic acyl residue from lipopolysaccharides 



Various forms of dc-3-O-acylatcd materials arc en- 
compassed by this invention. The lipid A backbone that 
is shown corresponds to the product that is obtained by 
65 dc-3-O-acylation of hcptaacyl lipid A from S. minncsota 
R595. Other fatty acid substitution patterns arc encom- 
passed by this disclosure; the essential feature is that the 
material be de-3-O-acylated. 



4.912. 

7 

Thus. 0*ic embodiment of (his invention is directed to 
the composition of MPL. DPL and LPS in which the 
position 3 of the reducing end glucosamine is dc-O* 
acylatcd. These compounds as indicated above are re- 
ferred to as d3-MPL. d3*DPL. and d3-LPS. respec- 5 
lively. 

Also as indicated above, the modified lipopolysac- 
charides of the present invention ore prepared by sub- 
jecting (he compounds to alkaline hydrolysis under 
conditions that result in the loss of but a single fatty acid 10 
from position 3 of the lipid A backbone. 

The ^hydroxymyristic at position 3 Ls unusually 
labile in alkaline media. It requires only very mild alka- 
line treatment to completely dc-3-O-acylatc lipid A and 
LPS. The other ester linkages in lipid A and LPS re- 15 
quire somewhat stronger conditions before hydrolysis 
will occur, so that it is possible to selectively dcacylatc 
these materials at position 3 wiihout significantly affect- 
ing the rest of the molecule. The reason for the unusual 
sensitivity to aJlcalinc media of the ester-linked /3- 20 
hydroxyrnyrisiic at position 3 is not known at thi? time. 

Although alkaline hydrolysis procedures arc known, 
it is important to choose conditions that do not cause 
further hydrolysis beyond the ester linkage to the p- 
hydroxyrayrisuc at position 3. 25 

Ln general, the hydrolysis can be carried out in aque- 
ous or organic media- In the latter case, solvents include 
methanol (alcohols), dimethyl sulfoxide (DMSO). dimc- 
thylfonnarudc (DMF), chloroform, dichloromcthanc, 
and the like as well as mixtures thereof. Combinations of 30 
water and one or more of these organic solvents also 
can be employed. 

The alkaline base can be chosen from among various 
hydroxides, carbonates, phosphates and amines. Illus- 
trative bases include the inorganic bases such as sodium 35 
hydroxide, potassium hydroxide, sodium carbonate, 
potassium carbonate, sodium bicarbonate, potassium 
bicarbonate, and the like, and organic bases such alkyl 
amines and include, but arc not limited to, dicthylarainc. 
triclhylaminc and the like. -*0 

In aqueous media, the pH is typically between ap- 
proximately 10 and 14 with a pH of about 12 to about 
13.5 being the preferred range. The hydrolysis reaction 
is typically carried out at a temperature of from about 
20* to about 80* C, preferably about 50* to about 60" C 45 
for a period of about 10 to about 30 min. For example, 
the hydrolysis can be conducted in 3% triclhylaminc in 
water at room temperature (22"-25* C.) for a period of 
48 brs- The only requirement in the choice of tempera- 
ture and time of hydrolysis is thai dc-O-acylation occurs 50 
to remove only the ^-hydroxyrnyrisiic at position 3. 

In practice, it has been found that a particularly desir- 
able hydrolysis method involves dissolving liquid A or 
monophosphoryl lipid A in chloroform:mcthanol 2:1 
(v/v), saturating this solution with an aqueous buffer 55 
consisting of 0.5M NaiCO)) at pH 10.5, and then to 
Hash evaporate the solvent at 45*-50* C under a vac- 
uum for an aspirator (approximately 100 mm Hg). The 
resulting material is selectively dcacylated at position 3. 
This process can also be carried out with any of the 60 
inorganic bases listed above. The addition of a phase 
transfer catalyst, such as tctrabutyl ammonium bromide, 
to the organic solution prior to saturating with the aque- 
ous buffer may be desirable in some cases. 

In preparing the modified lipo poly saccharides of this 65 
invention, it is deemed highly important that LPS can 
be dcacylated at position 3 without causing any changes 
in the O-antigcn or core regions or in the structure of 
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the lipid A component except for loss of the labile fa::y 
acyl residue. There arc several implications of this re- 
sult with respect to possible uses of the dc-3-O- acylatcd 
compounds. For cAarnple, vaccines against gram nega- 
tive bactcna and/or endotoxin can be generated using 
LPS that has been treated in the manner of this disclo- 
sure which icsults in a preparation with low cndoio*- 
icity but with the same antigenic attributes as the parent 
material, and which is able to act as its own adjuvant. 
Such preparations may be able to promote a strong 
specific immune response without the toxic effects gen- 
erally associated with LPS-based vaccines. 

Another implication is that lipid A that has been 
detoxified by dc-3-O-acylation, since it still contains 
both phosphates, may have greater tmmunostimulatory 
activities than lipid A that has been detoxified by the 
prior an method involving acid hydrolysis to remove 
the reducing end phosphate. For example, acid hydro- 
lyicd LPS. which is referred to as monophosphoryl 
lipid A (MPL). is less raitogenic with respect to B-lym- 
phocyte proliferation than is d3-LPS. Thus. de-3-O- 
acylatcd lipid A and LPS may be more potent im- 
munostimulaiors than is MPL. Furthermore, because of 
structural differences between MPL and dc-3-O- 
acylated lipid A and LPS. the latter compounds may 
exhibit a different spectrum of beneficial biological 
activities than does MPL. 

It is therefore viewed as a significant advance to be 
able to reduce the endotoxicity of LPS without elimi- 
nating its antigenic attributes or its tmmunostimulating 
activity. LPS subjected to mild alkaline hydrolysis can 
be used to immunize warm blooded animals including 
humans, thus conferring protection against gram-nega- 
tive septicemia and associated endotoxernia. 

A further advantage of d3-LPS and d3-DPL relative 
to MPL is that these materials, since they possess boih 
of ihc phosphate groups present in lipid A. may exhibit 
enhanced activities relative to MPL. which is lacking 
the phosphate moiety at the I position. This has already 
been found with respect lo raiiogcnicity; d3-LPS is as 
miiogcnic as the parent LPS, whereas MPL is only 
about half as raitogenic. 

Finally, the conditions used to effect the mild alkaline 
hydrolysis disclosed herein arc. in some cases, easier to 
attain than those of the prior an methods for detoxify- 
ing LPS or lipid A. For example, as mentioned above, 
lipid A can be detoxified by dissolving it in a solution 
chlorofonrmmcthanol 2:1 (v/v), saturating this solution 
with an aqueous buffer consisting of 0.5M NajCO) at 
pH 10.5. and then evaporating the solvent at 45"-50* C. 
This method is also effective in removing the residual 
endotoxicity which is usually found in crude prepara- 
tions of MPL. and which is typically removed by chro- 
matographic purification. Thus, milk alkaline hydroly- 
sis can obviate the need for the costly and limc-consum- 
ing chromatography sicps which arc generally required 
in order to fully-dctoxify preparations of MPL. 

The lipopolysaccharidc which is free of the /J- 
hydroxymyristic acid residue, can be covered from the 
reaction medium in relatively pure form. 

Although the present invention is particularly useful 
for dc-3-O-acylating MPL, it is applicable to lipopoly- 
saccharides in general. Lipopoly saccharides represent a 
biologically active class of substances and chemically 
arc made up of a polysaccharide portion, the O-spccific 
chains (O-antigcn) and the core, and a covalcntly bound 
lipid, lipid A. Lipid A represents the cndotoxically 
active region of lipopolysaccharidcs, while the polar 
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polysaccharide pan serves as a solubUizing carrier. 
Lipid A of Salmonella consists of a backbone of £-1.6- 
linked D-gluccrsaminc disaccharidc units which arc 
substituted at positions ! and 4' by phosphate-residues 
and at position 6' by the core polysaccharide. The other 5 
hydroxy! and the amino groups of the backbone arc 
acylatcd by long-chain fatty acids, of which lauric. 
myristic. paJmitic and 3*hydroxymyrisiic acid predomi- 
nate. 

The term "monophosphoryl lipid A". "(MPL)** or io 
"(MLA)" as used herein is meant to designate the 
monophosphoryl lipid A of structure I and is obtained 
from I ipo polysaccharides such as Salmonella minncsota 
R 595. Escherichia colL and the like. MLA is reported by 
N. Qurcshi ct aJ. JoumaJ of Biological Chemistry, Vol 15 
260. No. 9. pages 5271-5278 (1985). 

Accordingly, the Upopoiysacc haridc compounds of 
this invention after dc-3-O-acyIation. can also be repre- 
sented by the formula. 

A lipopolysACcharidc compound of the formula 20 



25 



30 




35 



wherein R l is selected from the gTOup consisting of 
hydrogen and the core component of enterobacterial 
lipopolysacc haridc, with or without the O-antigcn pres- 
ent, R 2 is selected from the groups H and PO)H:, and a 
R* is selected from the gToup consisting of H. $• 
hydroxymyTistoyl and a 3-acyloxyacyl residue having 
the formula: 
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and wherein X and Y can have a value of from 0 up to 
about 20 and preferably 10, 12 or 14. 

The compounds prepared by the present invention 
arc therefore substantially pure compounds and not 60 
mixtures of partially dc-O-acy latcd compounds. 

All of the uses that are disclosed in the literature for 
MPL can be entertained with respect to d3-MPL and, 
especially, d3-DPL, Thse include (a) use as an adjuvant, 
(b) protection against radiation, (c) protection against 65 
gram negative septicemia and associated endotoxemia, 
(d) protection against non-specific infectious challcn-. 
gca, and (e) treatment of neoplastic disease. The dc-3-O- 



acylaicd materials arc used in the umc way is MPL in 
all of ihc-sc applications, i.e.. at the same doses, in the 
same combinations. 

Additionally. d3-LPS can be used as a vaccine against 
gram-ncgativc infections. In this regard, the material is 
prepared from LPS obtained from cither a wild-type 
strain of a gram negative organism or else from a stram 
that has a panialty-complcic (and therefore antigeni- 
cally cross-reactive) core region (e.g. E. coli J5). Such 
d3-LPS can be administered cither in saline, in a lipid 
emulsion system, or in an oil-in-watcr emulsion (1-2% 
squaJanc or squaJcnc. 0.2% Tween 80). In the latter 
case, other bactcrially-dcrivcd immunosiimulanis 
(CV/S, TDM) can be used in combination with D3- 
LPS. The amount of d3-LPS per dose is between about 
10 and about 1000 ug. and preferably between about 20 
and about 200 ug. CWS and TDM. if used, and at simi- 
lar levels per dose. 

The following examples arc illustrative of the present 
invention. 

EXAMPLE I 

Removal of the 0-Hydroxymyristic Acid at Position 3 
of Escherichia coli D31M4 MPL by Treatment with 
Organic AJkalinc Media 

580 mg of crude E coli D31m4 MPL was dissolved in 
250 mis of chJoroform:mcthanol 2:1 (v/v). This solution 
was transferred to a 1 liter separatory funnel, where it 
was washed with 100 mis 0.5M Na 2 CO). pH 10.5. The 
organic phase was removed, and the solvent was 
stripped off by flash evaporation using a water aspirator 
and a bath temperature of 45* C. The resulting residue 
contained 615.9 mg of de-3-O-acylatcd MPL(d3-MPL). 
as judged by thin layer chromatography (Silica gel 60, 
chloroforra:mcihanol:wateruunmoniuin hydroxide 
50:31:6:2 (v/v); plates visualized by spraying with am- 
monium molybdatc in ethanol (10% w/v) and char- 
ring). 

EXAMPLE 2 

The 50% Lethal Dose in Chicle Embryos (CELDyjof 
Crude MPL Before and After Dc-3-O-Acylation 

MPL and d3-MPL (prepared in Example I, above) 
were dispersed in sterile water containing 0.2% tricthyl- 
aminc (TEA; v/v) to a concentration of 2.0 m&/ml. An 
ultrasonic bath and mild warming (45*-50" C.) pro- 
moted solubilization. To these solutions were added 
equal volumes of 1.8% NaCl (w/v), giving finaJ solu- 
tions that contained 1.0 ug/ml MPL or d3-MPL, 0.9% 
NaCl (w/v), and 0.1% TEA (v/v). The toxicity of these 
solutions in 1 1 day-old chick embryos was then assessed 
by the method of Milner and Finklcstcin (J. Infect. 
Diseases 116, 259: 1966). The chick embryo 50% lethal 
doses (CELDjo) w crc calculated by the n.cthod of 
Reed and Muench (Am. J. Hyg. 27, 493: 1938). The 
CELDyj of the crude MPL used in Example 1 was 
found to be less than 1 ug. On the other hand, the d3- 
MPL did not kill any chick embryos even at 20 ug. the 
highest dilution tested. 

EXAMPLE 3 

Dc-3-O-Acyiation of Salmonella minncsota R595 LPS 
by Treatment with Aqueous TEA 
Into a 4 ml screw-top vial was placed 10.1 mg 5. 
minncsota R595 LPS. 2.0 ml sterile water was added to 
the vial, which was then capped and sonicated for 3 
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min. at room temperature. The viaJ was then placed in min). The reactions were quenched at the indicated 

a boiling water bath. After 5 rain, the viaJ was removed times by placing the tubes in an ice-water bath and 

from the bath and 67 uJ TEA was added to the y Jtion. adding ice chips to the solutions. After about 30 sec. 2.0 

with stirring. The viaJ was capped and allowed : >und m | 0 f o. 1 N HC1 was added to each (est tube, and the 
at room temperature for 43 hr. At this time, the extent 5 Iu0c3 wcrc vorlCACX j wc j ceninfugcd. The organic lay- 

of dc-3-O-acylation was assessed by Tint subjecting a cri wcrc lram fcrrcd to clean test tubes and washed with 

small portion of the reaction solution to acid hydrolysis. distilled water (plus ice chips). Finally, the organic 

in order co convert all of the LPS to .MP >L This was , wcrc cvaporatcd undcr a Jtrcam 0 f nitrog-rn. A 

accomplished by adding 0 3 ml of 0.47N HO to a 0.2 ml Q 4 ; Qn q( cach f „ iduc w&i JubjcCtcd l0 ocid 
^uoi ofthercaci.on solui.on ' P^ ,n 6 ac^d, l0 h dr0 | y$is by lhe mclho d described in Example 3. in 

ficd solution m 10 an od bath (130 C.) f or 10 mm. The . u a . .u A - n 

. . , , 1 • * -rv 1 order to conven the residues to the corresponding 

solution was stirred during this time. The solution was . _ x , n . . , . . -r f . 

then cooled in an iccw.ter bath, and the MPL was MPLs ' Vl MPI f T efC j h ' n *"** ZC * by TL f C . M dC * 
extracted using 1.0 ml of chloroform:rncthanol 2:1 (CM ,n Exaxn P lc ^ ^ * c cndotoxicities of the cor- 

2:1: v/v). A control solution was prepared by dispersing ,« ^ponding DPL rcs.ducs from each time point were 
LOO mg LPS in 0.2 mi water plus 6.7 ul TEA. adding 0.3 measured with the CELD>o assay, as d esc n bed tn Ex- 
mi of 0.47N HC1. incubating in a 130* C. oil bath for 10 a ™plc 2. The results arc summarized in Table II. 
min.. cooling and extracting with CM 2:1. The alkaline- TABLE II 

hydrolyied material and the control were then ana- 
lyzed by TLC, as described in Example 1. TLC re- 
vealed that aJmost aJl of the MPL from the TEA- 
treatcd LPS was dc-3-O-acylatcd, which indicated that 
the TEA treatment had resulted in the production of 
d.l-LPS. The control sample, which had not been ex- 
posed TEA for the extended period, appeared idcniicaJ 
to MPL from untreated LPS. The TEA hydrolysis 
reaction was therefore judged to be complete. The 
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The R-*<e of Dc-*-0-Acyl«uon DctonfKution of S. 
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remaining reaction mixture was diaJyicd against dis- No * o: 

tilled water (6.OOO-8.OOO MWt cutoff) a*d lyophilized. ZT^tZT r "£lZZ« .* mpl «~~«~«.m , 

yielding 8.45 rag d3-LPS. 10 on. .< um< <*>.•<. 



TV< OOM ■ ion 1 uy to C»«— < V>% mcK\*Jn y 1 1 day old C*<i rrr\bry<r\. 



EXAMPLE 4 

Biological Activity ofd3-LPS Although the invention haj been illustrated by the 

preceding examples, it is not to be construed as being 
The codotoxiciry of the d3-LPS prepared in example (ed , Q lhe en ,p| 0 ycd therein but rather, the 

3 wa, compared with that of the :iuning LPS. using the jj inve||don rci , tc3 l0 ^ generic ua u hcrcin before 
CELDjom-v .as described in Example 2. Jhe acnw Various modifications and embodiments 

Oes of LPS and d3-LPS were also evaluated ,n a lym- lhcrcof ^ ^ wilhQut dcpulin6 froro lhc $pi ri< 
phocyte proliferation assay, based on uptake of 3 H- . f 

. * L turn- . or scope thereof, 

thymidine by murine spleen cells following exposure to r . . . , . 

• . , -rv i. r u What is claimed is: 

these materials. The results from these assays arc shown 40 „ A . , e ,. r . ,• , » ... frt 

* -T- li 1 -n. * j* • «l. • ji t do u-i *u t— 1. A method for modifying a hpo polysaccharide to 

in Table I. They indicate that d3-L PS, whUc much less ... , . n l r , r . 

j . • .l. u . t dc • **t! . . *. scicctjvc y rctnovc on y the /J-hydroxymYrutjc acyl 

endotoxje than the parent LPS, is still a potent mitogen. . / , . T . * . 1 

residue that is cstcr-linkcd to the rcducing-end glucos- 
amine at position 3 of said lipopolysaccharidc. which 

TABLE 1 comprises subjecting said lipopolysaccharidc to alkaline 

hydrolysis sufficient only to remove /?-hydroxymyristic 
acid from position 3 without removal of other fatty 
acids from the lipopolysaccharidc molecule and recov- 
ering said lipopolysaccharidc free of said residue. 

2. The mclhod of claim 1 wherein said lipopolysac- 
charidc w enterobacterial lipopolysaccharidc. 

^ ^ „ . . , 3. The method of claim 1 wherein said lipopolysac- 

*x. y »«p*>o c ;w p*o*Jmt»« mm T . b—i <m «^ua€ of 'h^t*«iw ^ t charidc is monophosphoryl bpid A. 

frrwt ix of »m eo^a u crtu .o ^ y nc mctn(X j Q f d^im j wherein said Hpopolysac- 

chtridc b diphosphoryl lipid A. 

5. The method of claim 1 wherein said hydrolysis is 
pv mpi P < conducted in the presence of sodium carbonate. 

EXAMPLE 3 6, The method of claim 1 wherein said hydrolysis is 

The Rate of DcO-O-Acylation and Detoxification of i conducted in the presence of tricthylaminc. 

minncsota R595 Diphosphoryl Lipid A (DPL) in w 7, The method of claim 1 wherein said hydrolysis is 

Organic Alkaline Media conducted in an organic medium. 

Into cach of 4 100X 16 mm tat tuba was placed 2.0 8. The method of claim 1 wherein said hydrolysis is 
mg SL minncsota R595 DPL. To cach lube was added 5 conducted in an aqueoua medium. t , , 

ml CM 2:1 and 2 ml 0.5M NaaCO) pH 10.5. The test 9. The mclhod of claim 1 wherein said hydrolysis is 

tuba were vortcxed, ccnirifugcd for. 5 min at 3000 g. 65 conducted at • pH of from about 10 to .bout M and at 
and the organic layen were withdrawn and transferred i temperature of from about 20 to about 80 C 
to clean tat tuba. These solutions wcrc then incubated 10. A method for removing from lipid A or mono- 

for varying periods of time at 5 r-52' C. (0. 2. 5. and 10 phosphoryl lipid A, only the 0-hydroxymynsttc acyl 



Tbc effect of oc*J-0-*CTrUi*oo 00 live b*oloficjJ 
•ctjvicia ofi «m«oom R395 LPS. 


&unple 


CELDjo* 


MUoten icily* 
C)H/FeJ f CeK/HcT 


LPS 
dJ-LPS 


0.0) HS 
L* Ml 


)).? 4.4 
W.0 5.2 



30 



13 



4,9 12.094 



residue that is csicr-linkcd to the reducing-end glucos- 
amine at position 3 of said lipid A. which method com- 
prises the steps of; 

(a) dissolving said lipid A in an inert organic solvent; 

(b) saturating said solvent with an aqueous buffer 
comprised of an alkaline compound, at a pH of 
from about 10 to about 13; 

(c) flash evaporating said solvent under a vocuum at 
a temperature of between about 40* C and about 
60* C; and 

(d) recovering said lipid A. 

11. The method of claim 10 wherein said lipid A is 
monophosphoryl lipid A. 

12. The method of claim 10 wherein said inert, or- 
ganic solvent is a mixture of chloroform and methanol. 

13. The method of claim 10 which is cfTccted in the 
presence of a phase transfer catalyst. 

14. The method of claim 13 wherein said phase trans- 
fer catalyst is tctraburyl ammonium bromide. 

15. A lipo polysaccharide from which the /3-hydroxy- 
myrisiic acyi group has been removed from position 3. 

16. An essentially pure lipo polysaccharide compound 
of the formula: 



25 




30 



35 



wherein R 1 is selected from the group consisting of 40 
hydrogen and the core component of enterobacterial 
Urx)polysaccharidc, with the O- an tig en present, K 1 is 
selected from the groups H and POjHj, and R 3 is se- 
lected from the group consisting of H. /3-hydroxymy- 
ristoyl, and a 3-acyloxyacyl residue having the formula: 



14 



to 



15 



20 



18. The compound of claim 16 wherein R 1 is hydro- 
gen and R : is PO)H2. 

19. The compound of claim 16 wherein R l is the core 
component of enterobacterial lipopolysaccharidc and 
R : is PO)H 2 . 

20. The compound of claim 16 wherein R 1 and R 2 arc 
hydrogen, and R* is the residue of Formula ill. 

21. The compound of claim 20 wherein X has a value 
of 10, 12 or N and Y is 10. 

22. An essentially pure lipopolysaccharidc compound 
of the formula: 




wherein R' is selected from the group consisting of 
hydrogen and the core component of enterobacterial 
lipopolysaccharidc. without the O-antigcn present, R J is 
selected from the gTOups H and PO)H2, and R 3 is se- 
lected from the group consisting of H. /3-hydroxymy- 
ristoyl, and a 3-acyIoxyacyl residue having the formula: 



I 

c=o 

I 
I 

CH — O 

I \ 
(CHi) r R 4 

I 

CHj 



(III) 



I 

c— o 

I 

CH 2 
I 

CH — O 
I \ 

(CHi)r R 4 

CH, 

o 
II 

-C-(CH 2 )j 



III 



50 



55 



-CH), 



60 



and wherein X and Y have a value of from 0 up to about 
20. 

17. The compound of claim 16 wherein R 1 and R 2 arc 
hydrogen. 



wKron R 4 C — (CHj)jj — CH). 

and wherein X and Y have a value of from 0 up to about 
20. 

23. A pharmaceutical composition comprising a sub- 
stantially pure, modified li ^polysaccharide* having no 
/J-hydroxyrnyristic acyl residue that is cstcr-linJccd to 
the reducing-end glucosamine at position 3, and a phar- 
maccuticaily acceptable carrier. 

24. The pharmaceutical composition of claim 23 
wherein said lipopolysaccharidc b enterobacterial lipo- 
polysaccharidc. 

23. The pharmaceutical composition of claim 23 
wherein said lipopolysaccharidc ia monophosphoryl 
lipid A. 

26. The pharmaceutical composition of claim 23 
wherein said lipopolysaccharidc is diphosphoryl lipid 
A. 
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EXHIBIT 13 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Re: 



Priecls ct al 



Date: 19 November 1996 



Serial No.: 



08/356,372 



Group Art Unit: 



1813 



Filed: 



17 February 1995 



Examiner: 



L Smith 



DECLARATION OF: DR NATHALIE CARCON, UNDER 37 CFR 1.132 

To the Commissioner of Patents and Trademarks: 

I, Dr Nathalie Garcon DECLARE that: 

1 . [.have received the following academic qualifications: 



I am responsible for vaccine formulation in the applicant Company and I am also a 
co-inventor of the above identified patent application. 

2. A number of experiments have been conducted with a vaccine formulation containing 
the immunostimulants 3 D- MPL and QS21. I shall deal with four examples in turn: 
First and second experiments concerned with two different hepatitis B Surface 
antigen formulations, third a formulation in relation to HIV antigen gpl20, and last in 
relation to a formulation based on an RSV vaccine comprising the hybrid antigen FG. 
The results below as well as the results shown in the patent application, demonstrate 
the potent nature of the adjuvant formulation and its broad applicability. 

3. Antibody response to Hepatitis B S antigen formulated with alum, 
3D-MPL(MPL)orQS21 

Formulations were as described in the application. Balb/c mice were inoculated with 
70ul of test formulation twice 14 days apart. Sera was collected 14 days after the 
second inoculation and assayed for total specific Ig G antibodies. The results are 
depicted in figure 1 attached and show that when 25ug 3 D MPL is added to QS21 
formulations a clear synergistic increase in antibody titres is seen when compared 
with either QS21 or 3 D-MPL alone. 




4. Hepatitis B SL* 



In a similar experiment described above mice were immunised with various 
formulations of adjuvants. The antigen is a mixed particle comprising the S antigen 
of Hepatitis B and a modified L protein. The combined formulation of the invention 
significantly enhanced the production of IgG2a antibodies (see Table 1). 

5. HIVgpl20 

Mice were immunised IM with 20u,g of HIV gp!20 formulated with various 
adjuvant formulations. The result show (Table 2) that the formulation of the 
invention synergistically enhances Interferon y responses and Interlenkin IL2 
production. 

6. RSVFG 

Mice were immunised once with l|ig FG in various adjuvant formulation and total 
IgG measured. The results are depicted in Table 3. Superior performance in terms 
of antibody produced was achieved by the vaccine of the invention. 

In separate experiments, mice were inoculated with lug FG and antibody and cell 
mediated responses were measured. The results show (Table 4) that the vaccine of 
the present invention provide superior results to the other formulations tested. 

7. Conclusions 

In conclusion, the vaccine formulated of the invention is highly potent and is of 
broad applicability. 

8. All statements made herein are of my own knowledge and are true, and that all 
statements made on information and belief are believed to be true, and further that the 
statements are made with the knowledge that wilful false statements and the like so 
made are punishable by fine or imprisonment, or both, under section 1001, Title 18, 
of the United States Code and that such wilful statements may jeopardise the validity 
of the above-identified patent application or any patent issued thereon. 




NATHALIE GARCON 



Dated: 19 November 1996 
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